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A B S T R A C T
Two e x p e r i m e n t a l  s t udies were c o n d u c t e d  for a c o m b i n e d  
m a n u a l  and d e c i s i o n  task (CMDT). For Study I, 8 d i r e c t i o n s  of
move e q u a l l y  spaced b e t w e e n  20°-160°, w i t h  all c o m b i n a t i o n s  of
3 fixed levels of i n dex of d i f f i c u l t y  (3, 4 and 5 Ibits) and
three levels of i n f o r m a t i o n  load (3, 4 and 4.58 Bits) were
used. 7 c o n f i g u r a t i o n s  (CONF) were used to i n c o r p o r a t e  these 
levels with 5 r i g h t - h a n d e d  male subjects. Each CONF was also 
i d e n t i f i e d  by its level of i n f o r m a t i o n  load involved. Data was 
a n a l y s e d  by each level of index of d i f f i c u l t y  (ID) and 
i n f o r m a t i o n  load (H). CONF was found to be s i g n i f i c a n t  for 
ID=3 Ibits and ID=4 Ibits but i n s i g n i f i c a n t  for ID=5 Ibits
(p<0.05). For each level of ID, all CONF with the same level
of H were not s i g n i f i c a n t l y  d i f f e r e n t .  The d i r e c t i o n  of move 
(ANG) was found to be s i g n i f i c a n t  for all levels of H and ID. 
The m i n i m u m  p e r f o r m a n c e  time was noted for the inner angles of 
move and i n c r e a s i n g  in the o u t w a r d l y  direction.
The inner four d i r e c t i o n s  of move ( 6 0 ° , 8 0 ° , 1 0 0 °  and
120°) w e r e  tested for two levels of ID (3 and 4 Ibits) and five 
levels of i n f o r m a t i o n  load ( 3 , 3 . 5 8 . 4 , 4 . 1 7  and 4.58 Bits) in 
Study II. A 5 x 2 x 4 r a n d o m i s e d  f a c t o r i a l  des i g n  was used 
with 8 right h a n d e d  male subjects. All the main effects (II, ID 
and ANG) were found to be s i g n i f i c a n t  (p<0.05). The results
ii i
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indic a t e  a d e c r e a s i n g  effect of the i n f o r m a t i o n  load as the ID 
is i n c r e a s e d  from 3 to 4 Ibits. The m i n i m u m  P e r f o r m a n c e  time 
was noted to be in the d i r e c t i o n  100°-120°. F r o m  the the data 
collec t e d ,  a li n e a r  r e g r e s s i o n  m o d e l  was develo p e d .  Also, the 
p r i o r i t y  regions based on the m i n i m u m  p e r f o r m a n c e  time was 
m a p p e d  for the levels of the H and ANG tested, for each level 
of ID.
In a d d i t i o n  to the p e r f o r m a n c e  time, the Heart Rate 
V a r i a b i l t y  (HRV) of the s u b j e c t s  were also o b s e r v e d  in both the 
studies. The r e sults i n d i c a t e s  the HRV to be s e n s i t i v e  to both 
the m a n u a l  as well as the d e c i s i o n  load with the d e c i s i o n  load 
tending to suppress the HR V  and man u a l  load tending to i n c r e a s e  
it. More  c o m p r e h e n s i v e  s t u dies to c o n f i r m  the r e l i a b i l t y  of 
the this v a r i a b l e  is s u g g e s t e d  for d e t e r m i n i n g  the the w o r k l o a d  
of such t a s k s .
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C H A P T E R  I
I N T R O D U C T I O N
In m a n y  i n d u s t r i a l  tasks, t y p i c a l l y  those e n c o u n t e r e d  in 
an a s s e m b l y  line , the w o r k e r  is r e q u i r e d  to move his arms and 
f o r e a r m s  over a s t a t i o n a r y  w o r k  area, in the process of 
c o l l e c t i n g  various c o m p o n e n t s  or parts needed for the work. 
Such tasks are repet i t i v e ,  thus c o n s i d e r a b l e  time can be saved 
if the layout of the w o r k  area f a c i l i t a t e s  easy reach and 
h a n d l i n g  and t h e r e b y  r e d u c e s  the m o v e m e n t  time for each cycle. 
In this regard w o r k  study r e s e a r c h e r s  have e x t e n s i v e l y  s t udied  
the effect of factors such as reach dis t a n c e ,  angle of 
m o v e m e n t ,  inward o u t w a r d  mov e m e n t ,  o u t w a r d  inward m o v e m e n t  and 
m o v e m e n t  to the left and right on the speed and a c c u r a c y  of 
the w o r k  being p e r f o r m e d  (Brown and A r t h u r  1949, Briggs 1955, 
S c h m i d t k e  and Steir 1961, Fitts and P e t t e r s o n  1964, Konz 1967 
and S c hol es 1970, Roauf and A r o r a  1980). The results of these 
e x p e r i m e n t s  have p r o v i d e d  v a l u a b l e  data for the des i g n  and 
la yout of the w o r k  area w i t h  respect to factors such as the 
an gle of move and reach d i s t a n c e s  for a c c u r a c y  and speed.
In some other tasks f r e q u e n t l y  e n c o u n t e r e d  in the 
industry, the o p e r a t o r  is r e q u i r e d  to make a decision, in 
c o n t r o l l i n g  his m o v e m e n t s ,  which do net n e c e s s a r i l y  remain 
the same in each cycle. T y pical examples i n clude those of
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
2inspection, m o n i t o r i n g  and c o n t r o l l i n g  w h ich are e n c o u n t e r e d  
more often with inc r e a s e d  a u t o m a t i o n  in industry. Such tasks 
r e quire the o p e r a t o r  to r e solve some u n c e r t a i n t y  in sel e c t i n g  
a response, which a f f ects the o v e rall m o v e m e n t  time, mak i n g  
it di f f e r e n t  from the type of task d i s c u s s e d  earlier. A g ain  
in such situations the o p e r a t o r  may be requ i r e d  to resolve 
two types of unce r t a i n t y ,  n a m e l y : —
(i) Time u n c e r t a i n t y -  the u n c e r t a i n t y  e n c o u n t e r e d  in the 
exact timing of the o c c u r r e n c e  of a stimulus.
(ii) Choice u n c e r t a i n t y -  the u n c e r t a i n t y  in the o c c u r r e n c e  of a 
s timulus from a g i ven set of stimuli.
In res o l v i n g  such u n c e r t a i n t y  the o p e r a t o r  is forced into 
m a k i n g  a "decision".
For e x p e r i m e n t a l  purpo s e s  the two types of task 
d i s c u s s e d  above have been c l a s s i f i e d  by w o r k  study 
r e s e a r c h e r s  into two class. The former type of tasks w h i c h  
are r e p e t i t i v e  from cycle to cycle are called type I tasks 
(Raouf and Hehra 1974). The latter w h i c h  involves combined  
m o t i o n  and decision, are studied as type II tasks (Sadosky  
1 9 6 8 , Thomas 1 9 7 1 , Raouf and H e h r a  1974, Raouf and Joseph,
1982). Henceforth, the a p p r o p r i a t e  term will be used w h i l e  
r e f e r r i n g  to type of task discussed.
W ith i n c r e a s i n g  a u t o m a t i o n  in i n d u s t r y  more of type II 
tasks are found in i n c r e a s i n g  numbers. The hum a n  f u n c t i o n  in 
such tasks is more of c o n t r o l l i n g  and m o n i t o r i n g  in nature, 
r e s u l t i n g  in i n c r e a s i n g  n u m bers of c o ntrol panels in these
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3s i t u a t i o n s .  T y p i c a l  exam p l e s  are in the p e t r o l e u m  and 
c h e m i c a l  indus t r i e s ,  w h e r e  the h u m a n  o p e r a t o r  is r e q u i r e d  to 
i n t e r v e n e  only w h e n  s o m e t h i n g  is r a d i c a l l y  wrong. N u c l e a r  
p lants too, p r o v i d e  areas w h e r e  such tasks are f r e q u e n t l y  
e n c o u n t e r e d .  S l i g h t e s t  e r ror or a d e l a y e d  a c t i o n  by the 
h u m a n  o p e r a t o r  in such cases can prove to be very c r u c i a l  and 
costly. The p i lot of an a i r c r a f t  is also faced w i t h  s i m i l i a r  
si t u a t i o n ,  his f u n c t i o n  bei n g  m a i n l y  of m o n i t o r i n g  and 
c o n t r o l l i n g .
In such a set up n o r m a l l y  what is e n c o u n t e r e d  is that 
for each d i r e c t i o n  of m o v e m e n t ,  there ma y  be more than one 
reach d i s t a n c e  p o s s i b l e .  That is, g i ven a d i r e c t i o n  of 
m o v e m e n t  the o p e r a t o r  ma y  have to c h o o s e  a r e s p o n s e  f r o m  a 
set w i t h  more than one p o s s i b l e  reach d i stance. For example, 
in a m o n i t o r i n g  task the la y o u t  of panels w o u l d  be such that, 
there m a y  be more than one c o n t r o l  s w i t c h  in any given 
d i r e c t i o n ,  due to r e s t r i c t i o n  on the space. A n o t h e r  e x a m p l e  
w o u l d  be in the case of an i n s p e c t i o n  and s o r t i n g  task, whe r e  
a g a i n  the o p e r a t o r  e n c o u n t e r s  more than one rea c h  d i s t a n c e  
for any p a r t i c u l a r  angle of move. The o p e r a t o r  in this case 
has to select the i n s p e c t e d  i t e m  as q u i c k i l y  as p o s sible, as 
in m o s t  cases e n c o u n t e r e d ,  the items are m o v e d  at a fixed 
rate or speed on a conveyor.
R e a l i s i n g  the i m p o r t a n c e  of such tasks, due 
c o n s i d e r a t i o n  needs to be g i v e n  to the ideal w o r k  place 
d i m e n s i o n s .  V a rious c o n t r o l s  and d i s p l a y s  need to be located
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w i t h  due regard to the p o s i t i o n  of the h u m a n  o p e r a t o r  for least 
r e s p o n s e  time w i t h  m i n i m u m  n u m b e r  of errors. Due to the fact 
that there is the d e c i s i o n  e l e m e n t  i n v o l v e d  in type II tasks 
and due to its i n t e r a c t i o n  w i t h  the other factors a f f e c t i n g  
mo v e m e n t ,  such tasks have to be i n v e s t i g a t e d  s e p a r a t e l y  and 
i n d e p e n d e n t l y  to stu d y  factors that have been found 
s i g n i f i c a n t  to type I task. W i t h  this i n t e n t i o n  some 
i m p o r t a n t  i n v e s t i g a t i o n s  have been c o n d u c t e d  in l a b o r a t o r i e s  
by w o r k  study r e s e a c h e r s .
In the l i t e r a t u r e  there are no d o c u m e n t e d  w o r k  a v a i l a b l e  
w h i c h  pert a i n s  to the ef f e c t  of the change in the p o s s i b l e  
reach d i s t a n c e s  w i t h  a n g u l a r  d i r e c t i o n  of move w i t h  each cycle  
for a type II task. Such s i t u a t i o n s  are more r e a l i s t i c  to 
p r a c t i c a l  s i t u a t i o n s  as m e n t i o n e d .  W i t h  this i n t e n t i o n  to 
p r o v i d e  some set g u i d e l i n e s  that could be d i r e c t l y  used by 
w o r k  s t a t i o n  d e s i g n e r s ,  two e x p e r i m e n t a l  s t udies were  
c o n d u c t e d  (Study I and Study II). A s i g n a l — r e s p o n s e  unit to 
s i m u l a t e  such a s i t u a t i o n  was s p e c i a l l y  d e s i g n e d  and built for 
the purpose. Data c o l l e c t e d  f r o m  study I was d e s i g n e d  to 
i n c o r p o r a t e  the e n t i r e  w o r k  area s u bject to the l i m i t a t i o n s  of 
the equipment. On the basis of the r e s ults of this study the 
s e c o n d  e x p e r i m e n t a l  s t u d y  was c o n d u c t e d  for the w o r k  area 
w h e r e  a set p a t t e r n  in the r e s u l t s  was noted. A g e n eral 
linear r e g r e s s i o n  q i o u c 1 was cnen d e v e l o p e d  from the o b s e r v e d  
data. The e x p e r i m e n t a l  set up also h e l p e d  to i n v e s t i g a t e  the
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5effect of i n c r e a s e d  levels of i n f o r m a t i o n a l  load p r e v i o u s l y  not 
s t u d i e d  b efore for type II tasks.
For d e t e r m i n i n g  the w o r k l o a d  in a task, r e s e a r c h e r s  have 
f r e q u e n t l y  used v a r i o u s  p h y s i o l o g i c a l  v a r i a b l e s  as i n d i c a t o r s .  
A m o n g  such p h y s i o l o g i c a l  v a r i a b l e s  is the heart rate 
v a r i a b i l t i t y  (HRV) of the s u b j e c t s  ( K a l s b e e k  1964, Sharit and 
S a l v e n d y  1982, T s u c h i y a  1982 etc.), s p e c i a l l y  in tasks 
i n v o l v i n g  some form of m e n t a l  load. In the l i t e r a t u r e  there 
are no d o c u m e n t e d  w o r k  w h i c h  has s t u d i e d  the effect on the 
Hea r t  Rate V a r i a b i l t y  (HRV) of the s u b j e c t s  w h i l e  p e r f o r m i n g  
Type II tasks. In the case of a c o m b i n e d  m a n u a l  and d e c i s i o n  
task, the w o r k l o a d  could be i n d e p e n d e n t l y  a s s o c i a t e d  w i t h  both 
the m a n u a l  as w e l l  as the d e c i s i o n  c o m p o n e n t  loads. The HRV of 
the s u b j e c t s  was m o n i t o r e d  in both the e x p e r i m e n t a l  s t u d i e s  to 
o b s e r v e  for any trends w i t h  c h anges in the e x p e r i m e n t a l  
c o n d i t i o n s  due to the i n h e r e n t  w o r k l o a d  in terms of the m e n t a l  
and m a n u a l  loads .
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C H A P T E R  II
L I T E R A T U R E  SURVEY
2.1 M e a s u r e m e n t  of the i n f o r m a t i o n a l  load in a d e c i s i o n  task. 
A c c o r d i n g  to i n f o r m a t i o n  th e o r y  as put foward by S h a n n o n  
and Weaver, i n f o r m a t i o n  is m e a s u r e d  q u a n t i t a t i v e l y  in terms 
of "bits" ( c o n d e n s a t i o n  of b i n a r y  digit). It is g e n e r a l l y  
giv e n  by the r e l a t i o n
H = l o g 2 n bits, w h e r e  n=l/p
and w h e r e  H is the i n f o r m a t i o n  c o n t e n t  or entropy, n is the
n u m b e r  of e q u a l l y  p r o b a b l e  a l t e r n a t i v e  and thus p is the
p r o b a b i l i t y  of o c c u r r e n c e  of an a l t e r n a t i v e .
The e n t r o p y  or a v e r a g e  i n f o r m a t i o n  p r o c e s s e d  for a 
series of p r o b a b i l i t i e s  pj_, P 2 > * * « * P n  * s g i ven by the r e l a t i o n  
H = - ^ P i  l o g 2 Pi bits 
A more g e n e r a l  f o r m u l a  d e r i v e d  by S h a n n o n  is g i v e n  by
the r e l a t i o n
H = “ i>Pi £lj pij ioga^ij) blts
w h e r e  pi is the p r o b a b i l t y  that i occurrs f r o m  a finite set
of a l t e r n a t i v e s  (1 = 1 , 2 , 3 , ....... n) and P^j is the c o n d i t i o n a l
p r o b a b i l t y  of s t i m u l u s  j o c c u r r i n g  g i v e n  that stim u l u s  i 
o c c u r r e d  in the p r e v i o u s  cycle.
It has been shown that as the i n f o r m a t i o n  c o n tent in 
bits i n creases the time for the d e c i s i o n  task also
6
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7corr e s p o n d i n g l y  increases. The reaction time (RT) was found 
to be well predicted by the following relation, within a 
certain range of the infor m a t i o n  load:- 
RT=* a + b l o g 2 n
where : a is the constant for the range
b is the slope or bits/response for the relation
2.2 Informational content in controlling the amplitude of movement. 
Fitts (1954) used three sets of experiments in an attempt 
to quantify the relation between the extent and accuracy of 
movement for deter m i n i n g  the performance time in terms of 
these parameters. These tasks were:-
(1) A tapping task where the subject a l t e r n a t e l y  tapped 
between two plates separated at fixed distances and with 
fixed widths, using a stylus. The distances and the widths 
were varied with each e x p e r imental condition.
(2) Transfer of washers from one pin to another. The 
distances between the pins and the tolerences were varied 
with each condition.
(3) Transfer of pins from one hole to another. The distances 
between the holes and the tolerences were again varied with 
every condition.
On the basis of the results obtained from these
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8exp e r i m e n t s ,  Fitts d e r i v e d  the i n f o r m a t i o n  c o n t e n t  of the 
m o v e m e n t  and d e f i n e d  it as the Ind e x  of D i f f i c u l t y  (ID), 
given by
ID= log2 2A/W b i t s / r e s p o n s e  
w h e r e  A is the a m p l i t u d e  of m o v e m e n t ,  i.e., the d i s t a n c e  
b e t w e e n  the center of two targets used in the e x p e r i m e n t ,  W 
is the total t o l e r a n c e  for e r ror in t e r m i n a t i n g  the m o v e m e n t  
or the w i d t h  of the r e s p o n s e  sw i t c h  (di a m e t e r  of the swi t c h  
if circular). Fitts used the unit 'bit' to m e a s u r e  this 
index of d i f f i c u l t y ,  t h o u g h  not r e l ated w i t h  the unit of 
i n f o r m a t i o n a l  load, h o w e v e r  used w i t h  the same i m p l i c a t i o n s  
s u g g e s t e d  by i n f o r m a t i o n a l  load.
It was also found by F i tts and s u b s e q u e n t l y  v e r i f i e d  by 
others that the m o v e m e n t  time (MT) could well be p r e d i c t e d  
using the f o l l o w i n g  r e l a t i o n
MT = a +  b 1 o g 2 2A/W , 
w h i c h  is quite s i m i l i a r  to the r e l a t i o n  g i v i n g  the r e a c t i o n  
time (RT) of a d e c i s i o n  task w i t h  'n' p o s s i b l e  a l t e r n a t i v e s  
as given below
RT = a + b l o g 2 n 
This r e l a t i o n  of Index of D i f f i c u l t y  is f r e q u e n t l y  r e f e r r e d  
to as 'Fitts Law'. By the s i m i l a r  r e a s o n i n g  u s i n g  the i n f o r m a t i o n  
t h e o r y  of S h a n n o n  and W e a v e r  (1949), Fitts d e f i n e d  this index 
of d i f f i c u l t y  as the i n f o r m a t i o n  c o n tent in each m o v e m e n t  in 
terms of b i t s /r e s p o n s e . The r e a s o n  for m u l t i p l y i n g  the ratio 
of A and W by 2 be f o r e  the L o g a r i t h m  of base 2 is taken of
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9the ratio, is to force a posi t i v e  value of the ID, with an 
effect of adding 1 bit per response to the total.
Va rious resea r c h e r s  have tested the v a l i d i t y  of this 
r e l a t i o n  of m o v e m e n t  time (MT), as giv e n  above, and have found 
s a t i s f a c t o r y  compliance, s h owing MT to be p r o p o r t i o n a l  to the 
index of difficulty. Fitts and P e t e r s o n  (1964) extended this 
concept to a simple combined ma n u a l  and deci s i o n  task 
inv o l v i n g  two binary choices. They found a high posit i v e  
c o r r e l a t i o n  (.99) b e t w e e n  m o v e m e n t  time and index of 
d i f f i c u l t y  for the range 2.6 to 7.6 bits per response.
Scholes (1970) studied the effect of 7 directions of 
move and 3 levels of ID for d i s c r e t e  motor responses  
inv o l v i n g  no unc e r t a i n t y .  He found the d i r e c t i o n  of movem e n t  
d i r e c t l y  a f f e c t i n g  the m o v e m e n t  time but it did not affect 
the react i o n  time s i g n i f i c a n t l y .  He also found a high 
P o s i t i v e  c o r r e l a t i o n  b e t w e e n  the m o v e m e n t  time and the index 
of difficulty.
Fitts and R a d f o r d  (1966) extended the f i nding s u p p o r t i n g  
the c o n c l u s i o n  that the h u man mot o r  system has r e l a t i v e l y  
constant i n f o r m a t i o n  c a p a c i t y  over wide limits. From their 
study they co n c l u d e d  the i n f o r m a t i o n  c a p a c i t y  of the human 
motor sy s t e m  to be r e l a t i v e l y  inv a r i a n t  for cog n i t i v e  sets 
for speed and accuracy.
Raouf and Tsui (1979). in their experimental study with a 
combined manual d e c i s i o n  task inv o l v i n g  positioning, d e fined the 
task d i f f i c u l t y  in terms of index of difficulty. He used 12
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levels of index of d i f f i c u l t y  r a n g i n g  f r o m  5.8 to 12.0 bits 
and found it was h i g h l y  s i g n i f i c a n t  on the p e r f o r m a n c e  time.
R a o u f  and A r o r a  (1980) used the index of d i f f i c u l t y  for 
q u a n t i f y i n g  the task d i f f i c u l t y  for a c o m b i n e d  ma n u a l  and 
d e c i s i o n  task, i n v o l v i n g  i n f o r m a t i o n a l  load. T s u c h i y a  (1982) 
de f i n e d  his task d i f f i c u l t y ,  for a s i m u l t a n e o u s  p o s i t i o n i n g  
task, in terms of i n dex of d i f f i c u l t y .  Both these studies  
showed a s i g n i f i c a n t  effect of ID w i t h  r e s pect to the 
p e r f o r m a n c e  time.
2.3 E x p e r i m e n t a l  f i n d i n g s  r e lated to Type II tasks
For the p r e d i c t i o n  of m e a n  cycle time of type II tasks, 
S a d o s k y (1969) d e v e l o p e d  a m e t h o d  usi n g  the c r i t i c a l  path 
method. In the m e t h o d  he adopted, all the m a n u a l  elem e n t s  
and the d e c i s i o n  e l e m e n t  w e r e  r e p r e s e n t e d  in the form of a 
network, u s ing the arr o w s  to i n d i c a t e  the s e q u e n t i a l  
r e l a t i o n s h i p .  The tasks i n v o l v e d  in his i n v e s t i g a t i o n  
in c l u d e d  the m a n u a l  e l e m e n t s  reach, grasp, move and p o s i t i o n  
p e r f o r m e d  s i m u l t a n e o u s l y  w i t h  a d e c i s i o n  e l e m e n t  of c h o o s i n g  
to press one b u t t o n  from a set of four buttons, with the same 
p r o b a b i l i t y  of o c c u r r e n c e .  The d e c i s i o n  times were e s t i m a t e d  
" s ing the c o ncept of I n f o r m a t i o n  p r o c e s s i n g  rate.
Thomas (1971) dealt w i t h  some of the p r o b a b l i s t i c  
a s p e c t s  of the p e r f o r m a n c e  times for c o m b i n e d  m a n u a l  and
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decision tasks. He used the same task as the one employed by 
Sadosky (1969) but used various types of probability 
distributions for the occurrence of each alternative from a 
set of 4. He found the performance time to be gamma 
distributed but tending to be normal as subjects progressed 
to learned state. In case of subjects who were fully learned 
the performance time of the manual elements was normally 
distributed. The performance time associated with the 
decision component of the task was found to be a direct 
function of the input uncer t a i n t y  or the number of choices.
Raouf (1973) used the information processing rate (IPR) 
for the prediction of type II tasks. He has shown that the
average information processing rate is not a desirable 
estimator for predicting decision times for type II tasks, 
even when the conditions, which are known to effect the 
outcome of a choice reaction task experiments, are kept 
i n v a r i a n t .
Raouf and Hehra (1974) incorporated the manual element 
'reach' at different levels with varying informational load. 
They found performance time was m i n i m u m  for minimum reach 
distances and increased with increasing informational load.
Raouf and Elsayed (1975) extended the previous 
investigation and incorporated two angles of move with three 
teach distances and three levels of informational load. The 
effect of the two angles of move tested on the performance 
time was found insignificant, with the reach distance and
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i n f o r m a t i o n a l  load being found to be significant.
In their study using type II task, Raouf and Arora (1980) 
i n v e s t i g a t e d  the effect of i n f o r m a t i o n a l  load, index of 
d i f f i c u l t y  (transformed from reach distances) and plane angles 
of move on the p e r f o r m a n c e  time. This study i n v e s t i g a t e d  the 
effect of u n c e r t a i n i t y  in o c c u r r e n c e  of the angular d i r e c t i o n  
of move with each cylce for type II task. 3 levels of index 
of d i f f i c u l t y  ( t r a n s f o r m e d  from 3 levels of reach distances), 
3 levels of i n f o r m a t i o n a l  load, 4 angles of move (from a 
possible of 10) and 6 plane angles were tested on the 
p e r f o r m a n c e  time. I n f o r m a t i o n a l  load, index of d i f f i c u l t y  and 
angle of move were found to be s i g n i f i c a n t  factors a f f e c t i n g  
p e r f o r m a n c e  time. The plane angle did not show any 
s i g n i f i c a n t  effect on the p e r f o r m a n c e  time.
At present there are no studies d o c u m e n t e d  with type II 
tasks, w h ich has studied the effect of u n c e r t a i n i t y  in the 
oc c u r r e n c e  of reach dis t a n c e s  and a n g u l a r  d i r e c t i o n  of move 
with each cycle. Though PMTS provides some i n f o r m a t i o n  for 
type I tasks, no i n f o r m a t i o n  is c u r r e n t l y  a v a ilable for type 
II tasks for the s i t u a t i o n  mentioned.
Table 2.1 b r i e f l y  summar i z e s  some of the results of 
relavent studies where a combined manual and decision task was 
t e s t e d .
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TABLE 2.1 Summary of Findings Related to CMDT (Type II Tasks)
Authors Year Conditions Commments
Sadosky 1969 Prediction of Cycle 
time using Critical Path 
Method.
MTM motion time used 
for manual elemental 
times and Information 
processing rate for 
decision times.
Thomas 1971 Study of Probablistic 
aspects associated with 
prediction of times.
Dealt with the various 
types of prob. distribut­
ion governing the occur­
ences of each alternative 
in the decision element.
Raouf & 
Mehra
1974 CMDT with element reach 
with different levels 
of Information Load.
PT affected by 'reach' 
with significant inter­





1975 CMDT with 2 levels of 
Angles of Move and 
element Reach.
Angle of move found to 
be not signifleant(5%). 
Reach and Information 
found significant.
Tsui
1979 CMDT with 'positioning' 
using Index of Diffi­
culty with male and 
female subjects.
Index of Difficulty and 
Information Load were 
significant(p<0.05) but 




1 9 8 0V
•I
CMDT with 4 angles of 
move, Inf. Load, Index 
of difficulty and Plane 
Angle. Inf. Load < 3.32 
Bits.
All factors except the 
the plane angle found 
to be signifleant(p<0.05).
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2.4 Heart Rate V a r i a b i l t y  as a Ph y s i o l o g i c a l  Variable
2.4.1 A p p l i c a t i o n s  of HRV
It is now a recognised fact that the heart rate of a 
p erson increases with physical w o r k  and is often used as 
a m e asure  of the physical w o r k l o a d  for different types of 
task and activity (Brouha 1960). The high corre l a t i o n  of 
heart rate and pace of physical task lead to the 
sugges t i o n  of its use to rate operator perfo r m a n c e  (Young 
1956) .
More than heart rate, the i r r e g u l a r i t y  of heart rate from 
beat to beat, known as heart rate v a r i a b i l t y  (HRV), has been 
shown to be a reliable indicator, e s p e c i a l l y  in the assesment 
°f the mental load of the task. This phenomenon, also known as 
sinus a r r h y t h m i a  was reported by K a l s b e e k  and E t t e m m a (1963), 
who notic ed an i r r e g u l a r i t y  of the heart rate per unit time 
from beat to beat and a n o t i c e a b l e  change in pattern under 
different kinds of activity. He noticed a fl u c t a t i o n  of upto 
20 beats per minute for a subject at rest. This diminished when 
the subject was p e r f o r m i n g  a binary choice reaction task thus 
implying a negative c o r r e l a t i o n  of HRV and mental load in a 
task. Resea r c h e r s  have since bro a d e n e d  the a p p l i cations of HRV 
to study its effect w h e n  persons are performing various tasks 
and situations.
The supp r e s s i o n  of HRV has been reported in a wide range
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of tasks involving some form of mental load (Kalsbeek and 
Ettemma 1965, 1965a, Bonsper 1970, Kalsbeek and Zieluis 1971,
Rohmert et al 1973, Boyce 1974, Sharit and Salvendy 1982). 
This phenomenon has also been reported in mental task, to a 
very marginal extent in con junction with high levels of 
physical effort (Opmeer 1969) and also in situations 
involving emotional effort (Krol and Opmeer 1970, Rohmert et 
al 1973). There are also a few valuable contributions by 
researchers with respect to the theoretical description, 
scoring and interpretation of this phenomenon in the 
literature (Luczak and Laurig 1973, Hyndman and Gregory 1974, 
Luczak 1977, Mulder 1977).
With respect to its usefulness and applicabilty of HRV, 
Kalsbeek (1971) has aptly mentioned it as a physiological 
variable as a " function of the number of moments of 
conscious control per minute " than just an indicator of the 
apparent informational load in 'bits' or number of choices 
per minute of the task. Luczak (1979) conducted a study in 
which he fractioned the HRV as a function of the following 
components viz: the level of Heart rate, the motor part of
strain of task, the mental part of strain of the task, the 
emotional part of strain of the task and the individual 
differences inherent of the subjects. He also brought out 
the correlation of some of these factors with the HRV.
Sharit and Salvendy (1982) used HRV in distinguishing
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b e t w e e n  the pacing co n d i t i o n s  viz, self paced and m a c hine  
paced, of tasks w h i c h  invo l v e d  i n f o r m a t i o n  p r o c e s s i n g  under 
two condit i o n s  viz, i n t e r n a l  and external. However, they 
report the Mean Heart R a t e ( M H R )  to be more sen s i t i v e  than HRV 
in d i s t i n g u i s h i n g  b e t w e e n  the type of i n f o r m a t i o n  p r o c e s s i n g  
inherent in the task.
R e c e n t l y  T s u c h i y a  (1982) used an index of HRV with the 
resp o n s e  time(H R V I )  of the c o n d i t i o n  to study its s e n s i t i v i t y  
with d i f f e r e n t  c o n d i t i o n s  for a s s y m e t r i c a l  s i m u l t a n e o u s  tasks.
In this task there w a s n ' t  any a p p a r e n t  me n t a l  load in terms of 
bits or number of choices involved, and HRVI seemed to be a fair 
i n d i c a t o r  of the level of c o n c e n t r a t i o n  requ i r e d  for each 
c o n d i t i o n .
The a p p l i c a b i l t y  of HRV as a p h y s i o l o g i c a l  v a r i a b l e  in 
d e t e r m i n i n g  the w o r k l o a d  inher e n t  in the task as well as in the 
external e n v i r o n m e n t  has been fai r l y  well d e m o n s t r a t e d  and 
documented. The T a b l e - 2 . 2  b r i e f l y  su m m a r i z e s  some of the tasks 
used in various studies using HRV as a p h y s i o l o g i c a l  variable.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
1 7
TABLE 2.2 Summary of Task/Condition Used With HRV in the Literature




















Auditory binary choice 
reaction task. Task difficulty 
increased by increasing the 
number of choices per minute.
Hearing a Spanish text read 
aloud. Listening to Spanish 
text by counting the number 
of times the article 'los' 
occurred.
Auditory binary choice task 
with increasing number of 
choices.
Noise at 80 db.
Auditory binary choice task 
at 50% and 80% of subjects 
maximum capacity in addition 
to dynamic physical load on 
the biscycle ergonometer.
Information processing task 
with 1,2,3 & 4 equiprobable 
alternatives.
Auditory binary choice task 
with 20, 30, 40 & 50 signals 
per minute.
(a) Sports-Fencing & Shooting
(b) Travelling mail clerk 
handling mail bags & 
sorting letters.
(c) Air traffic controllers- 
approaching and center 
control.
(d) University examinations- 
diploma and doctorol thesis
(e) Binary choice task with 
 varying mental load.________
HRV found to 
decrease with 
task difficulty.











load, for higher 
mental load though 
not sensitive enough 
in conjunction with 




























Mental Arithmetic- 2 single 
digits presented every second 
over the headphone. Subject 
required to add the digits and 
respond with a stylus. Physical 
load varied by adding weight 
from 0.2 to 1. kg to stylus.
(a) Auditory binary choice 
task with signals presented at 
different rates with and without 
defined physical movements 
involving hand, hand & arm and 
hand, arm & upper part of body.
(b) Multiple choice reaction 
task with task difficulty 
increased with increased no. 
of alternatives
Auditory mental task.
Subject listened to pre­
recorded digits through 
heaphones and required to 
respond to specific odd-even 
-odd sequence.
Four repetitive tasks.
(a) Simple motor task-filling 
a box with ball bearings.
(b) Discrimination task- 
discriminate between two ball 
bearings sizes.
(c) Counting task- count ball 
bearings in specific lots.
(d) Counting and discrimination-} 
of ball bearings.
Two main types of task namely 
self paced and machine paced 
involving two types of inform­




with physical as 
well as mental 
load (alpha=0.05) 
Interactions were 
found to be 
insignificant.
HRV was found to be 





tion load & HRV 
higher with 
mental load.
HRV decreased with 
increased task 
difficulty. Motor 




HRV higher with 
in task without 
discrimination 
i.e.,(a) & (c) 
than with 
discrimination 
i.e. (b) & (d).




MHR more sensi 
-tive to type 
of processing.
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TABLE 2.2 cont**d
Authors Year Task/Condition (s) Comments
Tsuchiya 1982 Assymetrical simultaneous task 
with different angles and reach 
distances. Task a positioning 
task. Used an index of HRV with 






Egelund 1982 Driving continously for about 
340 Kms on a highway.
8 inexperienced subjects used in 
the study. Two measures of HRV 
compared viz., 0.1 Hz HRV and the 
standard deviation of HR.
HRV used as a 
measure of 
driver fatigue.
2 measures of 
HRV used. The 
0.1Hz HRV found 
to be significant.
2.4.2 Scoring Met h o d  
W h i l e  there are q
li teratu re wh ere HR V  h
as liste d ear lier , the
pe rtaini ng to scori ng ,
of HRV. Na tu rally, in
sc oring metho d made al
s ensitiv i ty a nd the in
s tudies (Kals be ek a nd
sc oring me tho d. Wi th
mo re and mo re me tho ds
PU t f owa rd , e ach wi th
ii sts as many as 26 di
wa s not c ompl e t e . The
be en ap tly po inted out
s of Heart Rate Variab 
uite a few e x p e r i m e n t a  
as been used as a phys 
re are as m a n y  papers 
i n t e r p r e t a t i o n  and th 
the e x p e r i m e n t s  menti 
1 the d i f f e r e n c e  with  
t e r p r e t a t i o n  of the re 
E t t e m a  1963, K a l s b e e k  
the use of computers f 
for scoring and interp 
v a r y i n g  results. In f 
tterent m e t h o d s  for sc 
i m p o r t a n c e  of the sco 
by K a l s b e e k (1973) as
ilty
1 studies in the 
i o l ogical v a r i a b l e  
in the litera t u r e  
e o r etical treatment  
oned earlier the 
respect to the 
suits. The e a rlier  
1968) used the hand 
or c o l l e c t i n g  data, 
retation have been 
act Opm e e r ( 1 9 7 3 )  
oring whi c h  again 
ring me t h o d  has 
"different scoring
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m ethod lead to dif f e r e n t  values ca l c u l a t e d  from the same R — R 
data" thus leading to quite dif f e r e n t  results.
L u c z a k  and L a u r i g ( 1 9 7 3 )  in their study compared the 
s e n s i t i v i t y  of 8 d i f f e r e n t  form u l a e  of scoring HRV for subjects 
p e r f o r m i n g  a binary choice task. He was able to show the 
s e n s i t i v i t y  of some of the s c o ring m e t h o d s  were not reliable 
enough to show changes in task difficulty. A m o n g  the scoring 
methods, the one sug g e s t e d  by Laurig et al (1971) was a good 
indicator of the changes in task difficulty. He showed the 
d e n o m i n a t o r  as well as the n u m e r a t o r  of the function was 
signi f i c a n t  to changes in task difficulty, at p=.05 and p=.0001
respectively. The formu l a e  is g i v e n  b e l o w : —
(HRi -HRi-!) for ( H R ± - H R . ^ )  > 0 
HR V= ----------------------------------------------------------------------------
F ( ( ( H R 1 > H R i + 1 ) A ( H R i > H R i _ 1 )) V ((H R i < H R ± ) ^ ( H R ± < H R 1 + 1 )))
The n u m e r a t o r  in this scoring me t h o d  is the sum of the 
d i f f e r e n c e  of the heart rate values of two su c c e s s i v e  heart 
beat when the heart rate is decreasing. The d e n o m i n a t o r  is 
the f r e q u e n c y  of the num b e r  of runs or sign changes of heart 
rate for succes s i v e  heart beats.
L u c z a k  (1979) tested the r e l i a b i l i t y  of the scoring 
method m e n t i o n e d  above and his study showed this measure of 
HRV to be a good i n d i c a t o r  of the me n t a l  load of the task in 
terms of the number of forced choices per minute (5 levels) 
as well as in terms of the number of a l t e r n a t i v e s  (2,4,6,8 &
10). He also noted the m e a n i n g  of the HRV data might be 
i n validated if the task provoked too much physical load
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resulting in an increased HR value. This was noticed in an 
earlier study too by Opmeer (1969).
In a review of the literature Wierwill (1979) notes some 
contradicting reports from various researchers. These 
apparent differences might be attributed to the scoring methods 
as in the case of Mulder (1973) who used the variance of the 
inter-beat interval as the measure of HRV and found it to be 
insignificant on the mental load of the task. Similar finding 
was reported by Sayers (1973) using the variance of the HR as 
the measure of HRV. Egelund (1982) reports the measure, 
standard deviation of the HR for the HRV to be insensitive to 
the driver fatigue, to a task involving continous driving.
Some studies (Hyndman 1978, Opmeer 1973, Luczak and Laurig 
1973, Hyndman and Gregory 1973) looked at the theoretical 
aspects of analysis and the information available from HRV 
data. Spectral analysis of the ECG values show the frequency 
component due to the respiration rate to be a fair indicator of 
the mental load (Hitchen 1980, Hyndman 1978). Mulder (1977) 
dealt with in detail the mec h a n i s m  involved with HRV and used 
spectral analysis to determine the sensitive regions of the 
spectral values, with their underlying causes, to the mental 
workload. Hyndman and Gregory (1973) showed the spectral 
values of HR in the region 0.05— 0.15 Hz region to be sensitive 
to the mental load of the task. Egelund (1982) used this 
tegion of the spectral values of the HR data as a measure of 
the HRV in his study.
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CHAPTER III
E X P E R I M E N T A L  SET-UP
3*1 I n t r o d u c t i o n
The detailed d e s c r i p t i o n  of the experi m e n t  used in the 
s t udy and pr o c e d u r e s  followed for c o l l e c t i o n  and r e cording of 
the data is presented in this chapter. The use and f u n c t i o n  
°f various  units with respect to the e x p e r i m e n t  is described.
The experi m e n t  was c o n d u c t e d  at the I n d u s t r i a l  E n g i n e e r i n g  
la bo r a t o r i e s  of the University of Windsor. The equipment  
co nsisted e s s e n t i a l l y  of the f o l l o w i n g  five units^ v i z : —
(1) Signal—Res ponse Unit (S—R unit)
(2) Tape reader
(3) Time m e a s u r i n g  and r e c o r d i n g  unit
(4) Grass Pol y g r a p h  for heart rate m e a s u r e m e n t
(5) The PDP 11/03 m i n i c o m p u t e r  for storing heart rate data.
Details of the e x p e r i m e n t a l  set up are included in A p p e n d i x
3.2 S i g n a l - R e s p o n s e  Unit
The signal response (S-R) unit (see figures 3.1 & 3.2 ) 
provided 10 slots to r e p r e s e n t  the 10 direct i o n s  of movement. 
These a n g ular direct i o n s  were e q u a l l y  spaced 20 degrees 
a part. Due to the l i m i t a t i o n s  in the de s i g n ^ t h e  center 8 
angular directions or slots were used for the two studies.
Each slot had three light bulbs con n e c t e d  to a
22
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F i g u r e  3.1 L a y o u t  of S i g n a l - R e s p o n s e  Unit
R E S P O N S E  LIGH
INITIATE BUTTON LIGHT
INITIATE BUTTON




RESPONSE LIGHTS PLANE ANGLE 30°
V INITIATE BUTTON LIGHT (IBL)
INITIATE BUTTON (IB)
Figure,3.2 Schematic Layout of S-R unit in the
Vertical Plane
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response switch w h ich could slide in this slot from 100mm to 
400mm from the initiate button^as seen in fig. 3.1. A small 
light was provided above the initiate button^the purpose of 
which was to keep the subjects eyes focussed at one fixed 
position before each cycle. To avoid any change of posi t i o n  
of the subject from cycle to cycle, a r e s t r a i n i n g  feature was 
provided in front of the S-R unit. The top board of the unit 
could be positioned in a vertical plane anywhere between 0° to 
90°. This vertical plane was fixed at 30 degrees in both 
studies. When the initiate button was p r e s s e d j o n e  of the 
lights was turned on. The subject was then required to 
switch off the light by pres s i n g  the c o r r e s p o n d i n g  response 
switch. The subjects task c o nsisted of
(i) Pr es s i n g  the initiate bu t t o n  with stylus in the
r i g h t - h a n d  when the initiate button light (IBL) was on. This
switched on one of the lights in the 8 slots.
(ii) Move the stylus as q u i c k i l y  as possible and switch off
the light by pres s i n g  the re s p e c t i v e  response switch.
(iii) Repeat the above cycle.
The initiate button light came on at a fixed interval within 
1 second after c o m p l e t i o n  of the response. Three counters 
were provided at the rear of the S-R unit. One of the 
counters kept track of total number of cycles of responses.
Two oLlmr counters recorded two types of errori committed by 
the subject. One recorded the error made by the subject if a 
response light, other than the one w h ich is lit at that time.
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■* s pressed. Such errors also activated a continous /b e e p / 
sound which stopped only after the subject corrected the 
response by pressing the right switch. The second error 
counter recorded the number of times the subject pressed the 
initiate button before the initiate light was turned on.
This error also resulted in a brief "beep' sound, w a rning the 
subject of an error.
3*3 Tape- R e a d e r  and Ran d o m  Nu m b e r  Tape
The tape reader was connected to the S-R unit and it 
worked in conjunction with the p r e - p u n c h e d  paper tape for the 
occurrence of the stimulus lights at random.
3.3.1 T a pe-Reader
The tape reader was a SLO-SYN type which read the 
P r e - punched paper tape punched in binary code for one of the 
required stimulus light from 0 to 23, (see appendix A for the 
codes). The tape reader sensed the punched holes and 
transmitted the c o r r e s p o n d i n g  signal to the S-R unit.
3.3.2 Random Number Tape.
The random numbers co r r e s p o n d i n g  to the stimulus light 
(0 to 23) were punched out in binary code. The light 
numbers and the number of cycles were determined according- to 
the exper imental condition. The sequence of the lights were 
completely random. To ensure the randomness of the
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occurrence of the lights a F O R TRAN p r ogram was w r i t t e n  on the 
PDPll/03 minicomputer. The p r ogram was run for each 
experimental c o n d i t i o n  and the generated random numbers were 
s i m u l t a n e o u s l y  punched out in binary code with the FACIT tape 
punch connected to the parallel interface of the PDP 11/03. 
The program listing is given in appe n d i x  F. In addition to 
the random number tapes punched for the actual experimental  
c o n d i t i o n ,tapes were also punched out for practice cycles to 
be used prior to each e x p e r i m e n t a l  condition.
3.4 Time M e a s u r i n g  and R e c o r d i n g  Unit
3.4.1 Time M e a s u r i n g  Unit
The timer was auH.P 5326A counter. The timer was started 
°n pressing the initiate button and c o n tinued to run till the 
correct response light was pressed.
3.4.2 Rec o r d i n g  Unit
This involved a FACIT tape p u n c h ( M o d e 1-4070). The 
i n f o r m a t i o n  for each cycle consisted of 9 rows on the 8 
column tape punched out in IBM code. The first two rows 
indicated the response light number (response lights were 
numbered from 0 to 23). The next four rows recorded the time 
in m i l l i s e c o n d s  for the response. The 7th and 8th rows 
indicated w h e t h e r  or not the right response was made for the 
cycle. If a wrong response was madej the code of the first
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wrong light pressed was recorded, for the correct response 
the codes of characters/ 0 ^and were punched in these rows.
The character "E L " was punched out in the 9th row, signifying 
the end of the cycle.
3.4.2 P erformance Time Data Conversion and Interpretation
For interpreting the punched.out dataf a FACIT 4001 tape 
reader was used which was connected to the parallel interface 
°f the PDP 11/03 mini-computer. In order to convert the data 
available on the tape paper a FORTRAN program was written to 
control the FACIT tape reader and to decode the information 
available on the parallel interface of the PDP 11/03. The 
decoded data was then transferred to the WYLBUR system of the 
IBM 370/3031 of the University of Windsor. The program used 
for decoding the data is given in the appendix.
3*5 Heart Rate Monitoring and Recording Procedures
The following units were used for monitoring and 
recording of heart beats of the subject and the determination 
°T the heart rate (beats/min) and the heart rate variabilty.
(i) Beckman Electrodes
(ii) Grass Polygraph (model 7D)
(iii) PDP 11/03 mini-computer.
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analog form. An interactive program written by Tsuchiya 
(1982) was used for the real time rocessing of the heart rate 
data available at the A/D converter. This program recorded 
each heart rate value on to the demountable magnetic disk and 
computed the Heart Rate Variability for the period the 
Program was executed. A feature incorporated in this program 
was the use of a "control box" which was connected to the 
Parallel interface of the PDP 11/03. This control box 
enabled four main functions to be performed, viz.,
(i) to commence the collection of heart rate data,
(ii) to pause or halt the collection of data temporarily,
(iii) to initialize and restart collection of data,
(iv) to terminate the collection of data.
The heart rate values and the computed heart rate variabilty 
the period of recording were printed out on the DATAMEX 
Printer, soon after the collection of data, for the condition
completed .
3*5.4 HR and HRV scoring
The computer program used for recording and scoring the 
HRV computed it using the following relation (Laurig et al 1971). 
This method of scoring was used, over others as this score 
was found to be superior compared with some of the others




Three Beckman electrodes were used. These were attached 
along with the electrolyte cream, to the subject's chest.
The potential diferences between pairs of points on the skin 
surface due to cardiac activity were picked up by the 
electrodes, which then transmitted them to the EKG pre-amplifier 
of the Grass Polygraph.
3.5.2 Grass Polygraph
For the monitoring and graphical recording of each heart 
beat and the heart rate (beats/min.), a Grass Polygraph 
(model 7D) was used. It essentially consisted of an EKG 
tachograph pre-amplifier (model 7P4F) with four DC pen drive 
amplifiers, of which two were used in this study (7DAF). The 
signals picked by the electrodes were first transmitted to 
the pre-amplifier, the beat to beat (inter-beat) HR were 
computed by the Tachograph. The data were then recorded on 
the chart and simultaneously supplied to the A/D converter of 
the PDP 11/03 mini-computer.
3.5.3 PDP 11/03 Minicomputer
The real time processing of the heart rate was carried 
out by this mini-computer. The computer was placed in the 
adjacent room to reduce undue noise. The heat to beat 
heart rate computed by the tachograph was supplied to the 
analog to digital converter (A/D) of the PDP 11/03 in its
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(Luczak and Laurig 1973, 1979), as brought out in the li t e r a t u r e
survey.
( H R ± for (HRi - HRi-ji) > 0
HR V= ----------------------------------------------------------------------------
F ( ( ( H R i > H R i + 1 ) - ( H R i > H R i_ 1 )) V ((H R i < H R i _ i )~ (H R ± < H R i + 1 )))
where HRi the heart rate for i th beat
H R i -  Is* the heart rate for the (i-l)th beat
H R i + i- the heart rate for the (i + 1 )th beat
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CHAPTER IV
STUDY I
4*1 Introduction and Objectives
Study I was conducted using the signal-response unit 
which simulated the combined manual and decision task. The 
objectives of this study were:-
(i) to study the reliabilty of the experimental set-up for 
collecting the data and recommend changes, if necessary, before 
conducting Study II.
(ii) to examine the effect of different configurations, each 
identified by its informational load, on performance with 
increasing levels of index of difficulty for different 
directions of move.
(iii) to determine the levels of the factors for the Study II.
(iv) to examine the sensitivity of heart rate variabilty 
to the various levels of the manual and decision components 
for such tasks.
The levels of the factors studied in this study were chosen 
so as to cover the entire work area, subject to the limitations 
°f the S-R unit. This, at the same time, aided in the choice of the 
levels for Study II. The design used was a mixed model factorial 
with subjects being random and the other factors fixed. The 
design was repeated for each level of ID and H.
32
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4.2 Experimental Conditions
Eight levels of directions of move (ANG) were tested 
using five male right-handed subjects (S). Three levels of 
index of difficulty (ID) were tested for each direction of 
reach. Three levels of informational load were tested for each 
level of index of difficulty. To incorporate these levels of 
the factors, 7 configuration or layouts of the S-R unit were 
used. The pictural representations of the layout of the panel 
for each configuration are given in appendix B. Each of 
these configuration was identified by configuration number,
(1 to 7), and was used for the purposes of analysis only.
However, each configuration was also distinguished by the 
informational load (H) and the results were interpretated in 
terms of this. This also enabled us to differentiate the two 
identical levels of informational load when Ha4 bits 
(Configurations 4,5 & 6), for each level of index of 
difficulty for the analysis of the PT data and for 
interpreting the HRV data. The Table 4.1 gives the levels of 
each factor involved with each configuration.
4.2.1 Angles of Move
All the possible levels of angle of move (8) were tested.
These were measured from the left horizontal and represented the i
slots on the response panel in which the three response lights 
were placed. These angles, with the respective numbers 
assigned to them for the experiment, are given in Table 4.2.
j
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TABLE- 4.1











N o . of 
Obs .
1 100 3 8 3 400
2 200 4 8 3 400
3 400 5 8 3 400
4 100 & 200 3 & 4 16 4 800
5 200 & 400 4 & 5 16 4 800
6 100 & 400 3 & 5 16 4 800
7 100 ,200&400 3 ,4 & 5 24 4.58 1200
TABLE- 4.2
Levels of Birect i o n s  of Move in Study 1
A ng l e  of Move 










T A B L E - 4 .3
ID Levels in Study 1
Reach Distance D iameter ID Value
100mm 25mm 3 Ibits
4. \j vuirn 25mm 4 IDltS
40 0mm 25 mm 5 Ibits
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4*2.2 Reach Distances/Index of Difficulty
Three levels of reach distances (R) were tested and 
these were 100mm, 200mm and 400mm. These reach distances were 
transformed in terms of the Index of Difficulty (ID) using the 
following relation , Fitts 1954, Fitts and Peterson 1964, as 
brought out in the literature survey:- 
ID=log2 2R/D Ibits 
where R is the reach distance and D the diameter of the buttons. 
The diameter of the switch buttons (D) was fixed at 25mra, thus 
in this study the ID was varied by varying the reach distances 
only. A light weight stylus to press the buttons was used in 
the study to justify the theoretical deduction of the above 
relation, Fitts 1954. The index of difficulty was measured in 
terms of Ibits instead of bits, Raouf and Arora 1980, Raouf 
and Tsui 1979, as the latter term was used in this study to 
measure the informational load, at the same time to maintain 
the binary implications suggested by Fitts, 1954. The levels 
°f index of difficulty for each level of reach is given in 
Table 4.3.
These levels of ID were chosen so that both the upper 
limit of id (5 Ibit) and the lower limit (3 Ibit) possible for 
each angle of reach was involved. The intermediate level 
between these two limits namely 4 Ibit was maintained as the 
third level of ID.
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4-2.3 Subje ct s
Five right handed male subjects in the age group 22-28 were 
used and were paid the m i n i m u m  hourly rate. All the subjects 
had normal eyesight and did not have any physical disability.
All the subjects coopor a t e d  throughout the study and showed 
their interest in the study.
4-2.4 In f o r m a t i o n a l  Load
Three levels of in f o r m a t i o n a l  load were used. The 
information load was m e a s u r e d  in bits and derived from the 
following r e l a t i o n s h i p :-
H= l o g 2 n bits 
w h e r e  n is the number of equiprobable
a lt e r n a t i v e s  in each configuration. 
Configurations 1, 2 and 3 each with one level of ID taken at a
time for the 8 directions of move resulted in 8 e q u i p robable 
a lternatives and thus 3 bits of i n f o r m a t i o n a l  load.
C onfigurat ions 4. 5 and 6 involved two IDs taken at a time 
for each d i r ection of move res u l t i n g  in 16 equiprobable  
alternatives. C o n f i g u r a t i o n  7 involved all the three levels 
°f the ID for the 8 directions of move resulting in 24 
equiprobable a l t e r natives with i n formational load of 4.58 
bits. Table 4.1 gives the level of each factor including the 
‘“ -orastio nal load involved with each c o n r i g u r a t i o n .
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4.4 Data Collection
A randomised factorial design was employed for the 
collection of data. The sequence of occurrence of each 
response light for each configuration was determined by the 
Pfe-punched tape, which was random. Thus the occurrence of 
the ID and ANG was randomised for each experimental condition. 
The sequence of the order of the configuration for each 
subject was random. The sequence for each subject is
given in appendix B.
Paper tapes for reading in the codes of the response 
Tight was prepared for each configuration. The codes for the 
response light which could occurr in the set of the 
configuration was punched so that the sequence was random (see 
section 3.3.2 for method) with a minimum of 12 occurrences for 
every response light in the set. This resulted in varying 
number of cycles for each configuration depending on the 
number of alternatives , and thus varying duration of time for 
each configuration. This duration was between 3 to 8 minutes 
depending on the configuration number. Separate tapes were 
punched for practice cycles for each configuration. A minimum 
°f 500 practices cycles were given to all the subjects before 
the commencment of the collection of data. In addition at 
least 100 to 200 practice cycles were given prior the 
nsllccticn of data for each configuration. A 10 minute rest 
was given between change of configurations for each subject.
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The collection of heart rate of the subjects was 
commenced a few moments after the collection of the 
performance time had begun and continued till moments before 
completion of all the cycles for the configuration.
The performance time data punched on the paper tapes was 
later transferred to the PDP 11/03 minicomputer and then to 
the IBM 370/3031 following the procedures given in the last 
chapter. This data was then sorted by each response light in 
each configuration for each subject. Ten observations for each 
condition was used for the analysis. This resulted in 10 
replications for each response light. Table 4.4 gives the 
number of observations recorded for each configuration and 




Subj ects Number of 
Alternatives
Replications Number of 
observations
1 5 8 10 400
2 5 8 10 400
3 5 8 10 400
4 5 16 10 800
5 5 16 10 800
6 5 16 10 800
7 5 24 10 1200
Total Number of Observations 4800
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Each observation »as thns identified by the following levels 
of the f a c t o r s .
(i) Configuration number ( C O N D i
(ii) Information Load
(i i i ) Index of difficulty (ID)k
(iv) Direction of Hove (ANG)j^
(v) Subjects (S)m
Not all these factors were necessarily used at the same tim
in any analysis.
i=* 1 to 7 
j=*l to 3 
k=l to 3 
1=1 to 8 
m=l to 5
4.5 Analysis of Data
4.5.1 Analysis of PT by each level of H
The performance time data was sorted by each level 
informational load and grouped according to these levels. The 
Table 4.5 gives the factors considered under each group for 
the analysis.
T A B L E - 4 .5
r ircction M r ---» s. sy ».* v  jl. H C v c o
index of Difficulty 









H = 4 . 58
All 8 
3, 4 & 5
1200 2400 1200
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With 10 repl i c a t i o n s  per cell the analysis was carried 
°ut using a 3x8x5 f a ctorial c o r r e s p o n d i n g  to Index of 
Difficulty, D i r e c t i o n  of move and Subjects respectively. A 
mixed model was used with ID and ANG treated as fixed and 
Subject, random. The EMS table used for the analysis is g i ven  
In appe n d i x  D. The data was anal y s e d  using the ANOVA 
procedure in the SAS package (SAS user's Guide, 1979) and 
later DUNCANS m u l t i p l e  range test carried out for the main 
effects .
The objectives are stated in the form of null h y p o t h e s i s  
a s f o l l o w s :-
For Hi (i-1,2,3)
Ho : P T o = P T (I D ) j (j-1,2,3) (1)
Ha : P T o*PT(ID)j
That is, PT is not affected by the ID for each level of
H.
Ho : P T o = P T ( A N G ) k (k=l to 8) (2)
Ha : PTo j^PT (ANG)
That is, PT is not affected by the ANG for each level of
H.
The plots of the mean FT againsc d i rection of move with 
the index of d i f f i c u l t y  for each level of the i n f o r m a t i o n a l  
load was also obtained (see appe n d i x  D).
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4.5.2 Analysis by each level of ID.
The PT data was sorted by each level of ID resulting in
3 groups. The factors and their levels use for the analysis
is given in Table 4.6. This resulted in equal number of
observation for each group.
TABLE-4.6
Index of Difficulty (Ibi t s )
TT) = 3 TT> = £ TT)= 5
Configurations 1,4,6,7 2,4,5,7 3,5,6,7
Direction of move All 8 All 8 All 8
No. of Subjects 5 5 5
No. of Observations 1600 1600 1600
It is emphasied again the term Configuration was used 
rather than the informational load as a factor in this 
analysis, to distinguish the two conditions with the same 
level of H (when H=4 bits) for each level of ID. A 4x8x5 
factorial was used for the analysis corresponding to 
Configuration, Direction of move and Subjects, with 10 
rePlications per cell. Configuration and the Direction of 
®ove was treated as fixed and the Subject as random.
Stated in the null hypothesis form the objectives may be 
represented as given below:- 
For I D = 1
H o : PTo - P T (C 0 N F )j for j=l,4,6,7 (3)
Ha : PTo + P T (C 0 N F )j
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FOR ID=>2
Ho : PTo - P T (C O N F )j for j=2,4,5,7 (4)
Ha : PTo / PT(CONF)j
For ID=3
Ho : PTo - P T (C O N F )j for j=3,5,6,7 (5)
Ha ; PTo y* PT(CONF)j
For iDi i = l ,2,3
Ho : PTo - P T (ANG)k for k- 1 to 8 (6)
Ha : pto + PT(ANG)k
4*5.3 HRV Observation
The mean HRV for each configuration for the 5 subjects was 
calculated and the the configuration was ranked in the
ascending order of the corresponding mean HRV. The results
Were then interpreted to determine if there was any relation 
between the levels of the inherent mental load and the manual 
load in each configuration and the HRV.
4•6 Results
4-6.1 Analysis for each level of H
The results of the ANOVA for each level of informational 
load are summarised in Table 4.6 a - 4.6 c. The ANOVA 
Indicates ID and ANG to be significant for all the three
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levels of H ( ®C =0.05). Thus the null hypothesis (1) and
(2) may be rejected ( =><. =0.05). To study the differences of
the mean PT, for each level of ID and ANG, Duncan's multiple 
range test of means was conducted using the sum of squares 
obtained from the ANOVA. The results of the test are 
summarized in Tables 4.7a and 4.7b. In the case of the main 
effect ID all the three levels 'tested were found to be 
significantly different from each other (table 4.7a) at 
alpha=0.05. The mean PT was noted to increase with increase 
In the ID value. For the main effect ANG the various 
groupings of the mean PT which were not significantly 
different from each other are given in Table 4.7b. Minimum 
performance time was noted to be in the in the direction 120 
for H=4 bits and H=4.58 bits and 100 for H=3 bits (but not 
sIgnificantly different than 120 ). From the table 4.7b it
ds seen the minimum mean performance times were generally for 
fcbe inner directions of move (60°- 120“ ), increasing with the 
°uter direction of moves. This trend is clearly brought out 
fu the plots of the mean PT against the direction of move 
given in appendix D (Fig D.1-D.2). These plots also bring out 
the general trend of the plotted curves for with the three 
levels of ID for each level of H. A fairly uniform trend is 
noted for ID=3 Ibits and ID=4 Ibits with ANG with more 
variations observed for ID=5 Ibits specially in the case of 
bits. More variations was noted for the higher levels of 
The obvious Increase in the mean PT in the outwardly 
direction of move is again seen from these plots.
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T a b l e  4. 6A A N O V A  For.' H=3 Bits *
SOURCE DF SUM OF SQUARES F—VALUE EMS P>F VAL FINDINGS
IB 2 20.13664127 23.41
x x  
<Si +80«r +400 <P,0
10'S 0.0005 Sign.
ANG 7 1.49889935 16.24 c£ +30<£t+150 0.0001 Sign.
ID*a 14 0.38519334 3.29 < % 1 0 / + 5 0 ^ lO.A 0.0008 Sign.
S 4 4.90025135 598.78
a &
<£ +240<£ \ “ • * 
r
XD*s 8 3.44126454 210.25 i  +S0<£,
A*s 28 0.36919911 6.44 i  +30<&
XD*a *s 56 0.46862764 .4.09
Error 1080 2.20960790 '  J' '
— —
oL rO.05*
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T a b l e  4.6B A N O V A  For H=*4 Bits
SOURCE DP SUM OF SQUARES F—VALUE EMS P>F VAL FINDINGS
ID 2 44.29576226 52.12 <g*H6*r'l+$00 <p,0«0-S 0.0001 Sign.
ANG 7 2.08141495 7.53
x x.
<si + . 3 0 0  <p.










o , + 2 0 * * +J0 0(p 
< £ + + 1 0 ^  ,
0.0001 Sign.
lD*s 8 3.39962906 90.94
A*s 28 1.10602823 8.45 *£ ■»
1E»*a *s 56 1.16635445 4.46 4 + 2 0 ^
Srror 2280 10.65442640
• ‘ r . ..
oL - O • OS"
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Table A.6C A NOVA for H-4.58 Bits
SOURCE DF SUM OF SQUARES F-VALUE EMS P>F VAL FINDINGS
ID 2 20.89607149 66.03
» j.
^ +80C,+400 0,t 0.0001 Significant
ANG 7 1.25791072 8.59 +30^+150 0.0001 Significant
ID*a 14 0.98815129 6.95 /  +io<\+5o 0.0001 Significant
s 4 7.70437709 307.82 <£ +240#'*'
ID*S 8 1.26588111 25.29 '*£ +80 Ko-s
A*s 28 0.58555432 3.34 < +30«CS
1D*a *s 56 0.56868372 1.62
Error 1080 6.75781040 V
----
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TABLE 4.7 A
Duncan's Multiple Range Test of Means of ID for each level
H=3 BITS
RANK 1 2 3
P T ( m s e c ) 511 589 816
i n d e x  OP 
d i f f i c u l t y
3 Ibits 4 Ibits 5 Ibits
H=4 BITS
r a n k 1 2 3
P T ( m s e c ) 533 618 854
i n d e x  OF 
d i f f i c u l t y
3 Ibits 4 Ibits 5 Ibits
H = 4 .58 BITS
r a n k 1 2 3
P T ( m s e c ) 561 630 869
INDEX OF
d i f f i c u l t y
3 Ibits 4 Ibits 5 Ibits
* All levels of index of d i f f i c u l t y  signifi c a n t l y  different 
from each other (alpha=0.05) for all H.
7
of H
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TABLE 4 . 7  B
Dunc a n ' s  M u l t i l p e  k a n g e  Test Os ANG for E a c h  L e vel of H
4 8




5 6 7 8
PT(msec) 592 594 622 628 632 667 679 693
DIRECTION 5 6 4 7 3 1 8 2
OP MOVE 100° 120° 80° 140 ° 60° 20° 160° 40°
H = 4  BITS
r a n k 1 2 3 4 5 6 7 8
PT(msec) 632 634 648 661 668 678 713 713
d i r e c t i o n 6 5 4 3 7 1 2 8
OF MOVE 120° 100° 80° 60° 140° 20° 40° 160°
H=4.
r a n k 1 2 3 4
PT(msec) 646 662 663 671
DIRECTION 6 7 4 5
OP MOVE 120° 140° 80° 100°
* Directions of move connected 
different. (alpha=0.05).
58
5 6 7 8
687 693 725 748
1 3 2 8
20° 60° 40° 160
a line are not significantly
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4.6.2 Results for each level of ID
The results of the A N O V A  for each level of ID is 
summarised in Table 4.8. The m a i n  effects CONF and ANG were 
found to be s i g nificant for ID = 3 Ibits and ID = 4 Ibits.
However CONF was found to be i n significant for ID=*5 Ibits, 
with ANG being s i g n i f i c a n t  ( oi =»0.05). The Duncan's multiple  
range test of means was con d u c t e d  for CONF and ANG for each 
level of ID. The results are presented in Tables 4.9a and 
4.9b. In all the three cases the m i n i m u m  mean PT was noted 
for the CONF with H=3 bits. In the case of ID = 3 Ibits and ID = 4 
Tbits the mean PT was seen to increase with increase in the 
informational load. For ID=5 Ibits however, C0NF=6 with H=4 
Hits resulted in an higher PT than C0NF=7 involving H=4.58 
bits. (but not s i g n i f i c a n t l y  different from each other).
This is an indicator of d e c r e a s i n g  influencing effect of the 
informational load at higher levels of ID or the manual 
component. An important result from the Duncan's test was the 
insignificant diffe r e n c e s  noted for all the the three levels 
°f ID for the two c o n f i g u r a t i o n  i n v olving the same level of 
informational load (for H=»4 bits). This implies that 
irrespective of level of the manual load involved the decision  
component was fairly well quanti f i e d  in terms of the 
i n formational load involved, for the levels of the factors 
tested in this study. The inner directions of move were again 
seen to result in lower p e rformance times increasing in the












Table 4.8 ANOVA for Each Level of ID (study I)
IDl - 3 Ibits ID2 = 4 Ibits ID3 » 5 Ibits
Sum of F - Find­ Sum of F - Find­ Sum of F - Find­
Source DF .. E.M.S. Square Value ings Square Value ings Square Value ings
S 4 a2 + 320o2
€  S
2.66666 5.793653 23.150191
C 3 o2+80o2 +400* 
e c.s c
.58326 5.49 Sig* 0.669085 3.89 Sig* 0.823750 3.29 NS*
§*C 12 o2+80o2 
e c*s
,425283 0,461774 1.0023
A i o2+40a2 „+200*. 
e A*S tA
1,108723 30,47 Sig** 2,490737 23.79 Sig** 2.65028 4.70 Sig**
S*A 23 a2+40o2 
e A*S
0,145543 0,418847 2.258068
C*A 21 a2+10a2 _+50* , 
e C*A*S C*A
0,117373 2.01 Sig* 0,503638 41.2 Sig* 1.22595 2.83 Sig*
5*C*A 34 a2+10a2 
e C>A*S
0,233296 0.488276 1.730827
Error e 1440 o2c
1,368831 2.550251 13,139259
ANOVA of Performance Time (PT) A = Direction of Move NS *» Hot Significant
S = Subject DF = Degrees of Freedom * sa (c<= 0.05)
C - Configuration Slg = Significant ** = (d.= 0.01)
o
Duncan's
TABLE 4.9 A  






P T ( m s e c ) 511 5 24 542 561






P T ( m s e c ) 589 606 628 630
CONF 2(H = 3 ) 4(H=4) 5(H = 4 ) 7 (H=4.58)





P T ( m s e c ) 816 838 869 870
CONF 3(H = 3 ) 5(H=4) 7(H = 4 . 58) 6(H = 4 )
Configurations connected by a line are not significantly different 
(alpha=0.05).
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TABLE 4.9 B
Duncan's Multiple Range Test of Means of ANG for each level of ID
ID=3 IBITS
r a n k 1 2 3 4 5 6 7 8
PT(msec) 500 506 517 520 541 547 572 573
d i r e c t i o n 5 6 4 3 7 2 8 1
OF MOVE 100° 120° 80° 60° 140° 40° 160° 20°
IIPH IBITS
RANK 1 2 3 4 5 6 7 8
PT(msec) 579 584 584 587 595 636 652 694
d i r e c t i o n 6 5 4 7 3 1 2 8
OF MOVE 120° 100° 80° 140 ° 60° 20° 40° 160°
inIIQH IBITS
Ra n k 1 2 3 4 5 6 7 8
P T (msec) 793 816 824 83 6 842 870 874 933
d i r e c t i o n 6 5 1 4 7 3 8 2
OF MOVE 120° 100° 20° 80° 140° 60° 160° 40°
-----
* Direction of move connected by a line are not. significantly 
different (alpha=0.05).
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outwardly direction as seen from the Duncan's test, Table 
4.9b. The plot of the mean PT against the direction of move 
was plotted (see appendix D, Fig D.3-5 ) for visual 
representation and to study the interactions. The curves for 
each CONF involved for ID=3 bits show a fairly uniform trend.
More variations are clearly seen with increasing levels of ID.
4*6.3 Results of HRV
The means of HRV for all the subjects for each configration 
end the ranking is given in table 4.10. The table 4.10 also 
gives the level of the elemental loads, decision and manual 
involved with each configration. The lowest HRV was found to 
be for configuration 1 with H=»3 bits and Id=»3 Ibits, both 
factors at the least levels of the workload. Configuration 7 
with all the factors at the highest levels of workload was 
ranked next. Configration 6 with H=4 bits and ID levels at 4 &
5 Ibits resulted in the maximum HRV thus ranked last. 
Configuration 5 with H=4 bits and ID levels 3 & 5 bits was 
ranked 6 th. A general trend in clearly seen in the rankings 
with workload of the elements involved. It is seen on one hand 
fhe informational load tends to decrease the HRV and on the 
other hand the level of the manual load involved tend to 
increase the HRV. This is quite consistent with some of the 
findings that mental load tend to decrease the HRV 
(Luczak,1979), however with the physical load tending to 
increase the HRV. The HRV observations from this study thus
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T ABLE 4.10
H R V  SC O R E S  ( I N C R E A S I N G  ORDER) FOR EACH C O N F I G U R A T I O N
R A N K
1 1. 158
2 1.863
3 2 . 0 1 2
4 2 . 015










E l e m e n t a l  Loads
D e c i s i o n  
H ( b i t s )
M a n u a l  
ID levels (Ibits}
4.58
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indicates the manual elements and the mental decision elements 
influences the HRV somewhat independently. The observed 
values of HRV for each subject for each configuration is given in 
the appendix D.
4•7 Conclusion
The conclusions from this study are summarised below:-
(i) CONF was not significant for ID = 5 Ibits but significant 
for i d -4 Ibits and ID=3 Ibits ( =0.05).
(ii) A general 'U' shaped pattern was noticed for the mean 
Performance time with the different angles of move for ID=3 
Ibits (Fig D.l). This trend was also noticed for ID=4 Ibits 
but for the inner angles of move (Fig D.2).
(iii) All the levels of CONF with the same level of information 
load was found to be not significantly different (Table 4.9A). 
Ihis implied the decision load was fairly well quantified by 
the informational load (H) in bits.
(iv) A trend in the changes in HRV was observed with various 
conditions with the informational load tending to decrease it 
and the ID levels tending to increase it.
Further dissussion and the implications of the results 
are given in the concluding chapter.




The experimental set up used for Study II was identical 
to the one used for Study I as described in Chapter III. The 
experimental conditions and the details of this study are
Presented in this chapter. The levels of the factors in this
study were chosen so as to study the effect of Informational 
load (> 3 bits), with the levels of manual factors chosen to 
provide minimum performance time range. It was thus intended 
to emphasize on the decision component of the combined manual
and decision task, to study the effect of the high levels of
in the region of the minimum performance time in the work 
area. For the direct application, of the results, a regression
model was developed which considered the factors ID, ANG for the
range of H from 3 to 4.58 bits.
The HRV of the subjects was also used as a second 
dependent variable to observe the effect on it due to the 
Various levels of the elements in the task. Here again as in 
Study I HRV values were used to rank the conditions in the
ascending order of the resulting HRV and for observation
Purposes only.
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5.2 Experimental Conditions and Choice of Levels
5.2.1 Informational Load
In all, five levels of informational load in the range 3 
bits to 4.58 bits were used. These levels were calculated 
using the same relation used for study I (Shanon and 
W e a v e r ,1959). The derived levels of the informational load 
are given in the Table 5.1 below.
Table 5.1










Various combinations of the response lights were used to 
incorporate these levels. The layout of the S-R unit panel for 
the above 5 levels are given in the appendix C (fig Cl-figC5). 
The levels of H in the range chosen in this study has not been 
studied before for such tasks and thus provide information 
in the nature of variations in the performance in this range.
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5*2.2 Index of D i f f iculty
Two levels of ID namely, 3 Ibits and 4 Ibits were tested 
in this study. From the results of Study I it was observed that 
for these levels, CONF (and thus H) was significant and a trend 
in the perfo r m a n c e  time existed. The levels were derived as in 
Study I (section 4.2.2).
5.2.3 Directions of Move (ANG)
Depending on the i n f o r m a t i o n  load various combinations of 
°f the directions of move were used. The inner angles of move 
namely 3, 4, 5 and 6 which were common to all the experimental
sets were used for the final analysis. This range of ANG 
Provided the m i n i m u m  PT (Study I) with a distinct pattern for 
both the levels of ID namely, 3 and 4 Ibits.
5.2.4 Subjects
Eight right handed male subjects were chosen for the 
study. All the subjects (age group 20-27) were students of 
the Univer s i t y  of Windsor. Fliers were posted at various 
notice boards on the premises of the Un i v e r s i t y  inviting 
volunteers for the study and subjects were chosen from them. 
More details of the subjects are given in the appendix C.
None of the subjects had any physical disability and all had 
good vision. All the subjects were explained the purpose of 
the invest i g a t i o n  and the functions of the various units. The 
instructions to the subjects are included in the appe n d i x  D.
^■il the subjects showed their interest and co-operated
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throughout the study. The subjects were assured their 
identity would not be revealed for the study and only subject 
numbers assigned to them would be used instead. Each subject 
was given 500 practice cycles before commencing the study to 
ensure that he was fairly in his 'learned state'. 2 0 0  
practice cycles were also given between change of conditions. 
The duration of the study on each subject ranged between 2 to 
3 hours and sufficient rest periods were provided.
5.3 Exp erimental Design
A 5 x 2 x 4 randomised factorial design was employed for 
the collection of performance time data for each of the 8 
subjects. There were 10 replications per cell thus resulting 
in a total of 3200 observations. The occurrence of each 
response light was randomised for each of the 5 sets (for each 
level of informational load) through the paper tape. Thus, the 
occurrence of ID and ANG was randomised. The sequence of each 
of the 5 conditions for each subject was randomised also. The 
sequence followed for each subject is given in the appendix C.
The HRV of each subject for each of the 5 levels of the 
information load was recorded. The same procedures used for 
Study I for recording the HRV were used in this study.
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5.4 M e t h o d o l o g y
The random number tapes d e t e r m i n i n g  the sequence of the 
response lights for each condition, were punched so that the 
there were a m i n i m u m  of 12 random o c c u r r e n c e  for each light.
The p r o gram used for this purpose using the PDP 11/03 in
conju n c t i o n  with the Facit tape punch is given in the appendix.
The PT data punched on the paper tape was transferred to the •
PDP 11/03 and then to the WYL B U R  system of IBM 370/3031. The 
data was then sorted for each c o n d i t i o n  for each of the 8 
subjects. From all the collected data only the data collected 
for the response lights in the set involving 3 bits of 
i nfor m a t i o n  (see fig C.l in a p p e n d i x  C), for ID=3 Ibits and 
ID=4 Ibits and ANG = 3 , 4 , 5  and 6 were used. The levels of the 
factors thus tested were common to all the five levels of 
in f o r m a t i o n  load. Data c o llected from other response lights 
were not used. This enabled to test the 5 levels of II chosen 
in this study for which the response lights were common. The 
data was then sorted in the asc e n d i n g  order of the performance 
time for each response light for each condition for each 
subject and 10 o b s e r vations used. This resulted in 10 
replications per cell in the e x p e rimental analysis. With 8 
subjects this resulted in
5(H)x2(ID)x4(ANG)x8(S,.,b)xl0(Rep.) = 32QQ observations.
The HRV recording was commenced moments after the 
c o l l e c t i o n  of the PT data for each set had begun.
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5.5 Analys i s
5.5.1 Analysis of P e rformance Time data
The performance time (PT) data was analysed using a 
randomised factorial mixed model. The model and 
the levels of the various factors in the model are given 
b e l o w .
P T i'jkl = + Hi + ID j + A N G k + SUBi
+ H * I D £ j + H * A N G ik + H * S il.
+ ID*ANG j k + ID*SUBji + A N G * S U B kl 
+ H * I D * A N G i j k  **" H*ID*SUBiji + I D * A N G * S U B j k l 
+ H * I D * A N G * S U B i j k i + Error  ^  ^  jk i )
Where
- experimental constant 
Hi = Informational load at level i, 1=1,2,3,4,5
Hi= 3 bits 
H 2 = 3.58 bits 
113= 4 bits 
H 4 = 4.17 bits 
H 3 = 4.58 bits 
IDj = Index of D i f f iculty at level j, j=l,2 
I D l= 3 Ibits 
I D 2 = 4 Ibits
A N G k  =  D i r e c t i o n  o f  Move a t  level k, k _ 3,4,5,6
AN G 3 =6 0°
ANG 4 = 8 0°
A N G 5 =100°
A N G 6 = 1 2 0 o
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S U B ^  = Subject at level 1, 1=1 to 8
S U B ] _  = 1, S  U B  2  = 2 , .... S U B g  = 8
H, ID, and ANG were treated as fixed factors and S U B  as the 
r andom effect in the mixed model.
The EMS tables for the F test for the above model is 
given in the appendix.
Stated in the null h y p o thesis form the following were the 
objectives of the study.
(1) P e rformance Time is not affected by the I n formational
l o a d .
Ho : PTo = P T Hi i = 1 to 5
Ha : PTa t P T Hi
(2) Perfo r m a n c e  Time is not affected by Index of Difficulty.
Ho : PTo = P T ID j j = 1,2
Ha : P T 0 + P T IDj
(3) Perfo r m a n c e  Time is not affected by D i rection of Move.
Ho : PTo = PTA N ck k=3 , 4 , 5 , 6
Ha : PTa t P T ANGk
The null hypoth e s i s  Ho was tested against their 
r espec t i v e  a l t e r n a t i v e  Ha at 5% level of significance.
5.5.2 HRV Observations
The HRV o b s e r vations were treated the same way as in 
Study I. The mean HRV for each condition, each identified by 
its i n f o rmational load and the manual load for all the 
subjects was determined and each con d i t i o n  ranked in the 
a s c ending order of the HRV values.
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5.6 Results
5.6.1 ANOVA for P e r f o r m a n c e  Time
The results of the A N O V A  for the main effects is given in 
Table 5.2. All the main effects H, ID and ANG were found to 
be highly significant. Thus, the null hypothesis as specified 
in section 5.5.1 were rejected at the s i g n ificance level of 5%.
TABLE 5.2 Anova for Fixed Effects
S o ur c e DF Sum of Squares F-value P>F Value Findings
H A 1A06128.383 5. 52 0 . 0 0 2 1 S i g n .
ID 1 A 2 A 9 2 6 8 .A 1 2 2 . 6 6 0 . 0 0 0 1 Sign .
ANG 3 526705.623 21.58 0 . 0 0 0 1 Sign .
Sign.
The
- Significant 5 % 
results of the A N O V A  for the full factorial mod e 1
and the percent variance c o n t r i b u t i o n  of each factor are included 
in the appendix E. The Duncan's multiple range test of means 
conducted after the ANOVA for the main effects, are given in 
Table 5.3. S i g n i ficance was at the 5% level in these tests.
The results of this test show p e r f o r m a n c e  time to increase 
with an increase in the in f o r m a t i o n a l  load. The minimum 
perfo r m a n c e  time was recorded for 3 bits and the m a x i m u m  for 
A . 58 bits. As seen in the table all adjacent levels of the
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TABLE 5.3 D U N C A N ' s  Test for M a i n  E f f e c t s  for S t u d y  II
R a n k
559535521508M e a n  PT 
( M s e c ) 
I n f o r m a t i o n  
L o a d ( B i t s  )
500
4.583. 58
R a n k
561488M e a n  PT 
(Ms ec )
Index of
D i f f i c u l t y
(Ibits)
Rank
544529M e a n  PT 
( M s e c )
515
D i r e c t i o n  of 
Move 60°80°120 °00°
* L e v e l s  u n d e r s c o r e d  by the same line are not s i g n i f i c a n t l y  
d i f f e r e n t  ( Alpha=*0 . 05 )
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i n f o r m a t i o n a l  load were not s i g n i f i c a n t l y  d i f f e r e n t  from each 
other. The two levels of ID were found to be s i g n i f i c a n t l y  
d i f f e r e n t  w i t h  the m i n i m u m  p e r f o r m a n c e  time noted for ID = 3 
Ibits. In the case of the levels of the d i r e c t i o n  of move 
m i n i m u m  p e r f o r m a n c e  time was n o ted to be for the a n g ular  
d i r e c t i o n  ANG=»5(100°) f o l l o w e d  by A N G » 6 ( 1 2 0 ° )  w i t h  these two 
levels b e ing not s i g n i f i c a n t l y  d i f f e r e n t  from each other. The 
m a x i m u m  p e r f o r m a n c e  time was noted for ANG=»3(60°), thus the 
results show the p e r f o r m a n c e  time tend to d e c r e a s e  in the 
clo c k w i s e  d i r e c t i o n  s t a r t i n g  from 60°, for the four levels 
tested in this study.
5*6.2 A N O V A  for Each L e vel of ID
A n a l y s i s  of V a r i a n c e  (ANOVA) was f u r t h e r  c o n d u c t e d  for 
each level of the m a i n  effects in the model. The results of 
this test are given in the a p p e n d i x  E. The A N O V A  for each 
level of ID indicates H to be h i g h l y  s i g n i f i c a n t  at ID*3
Ibits. For I D “ 4 Ibits the i n f o r m a t i o n  load was s i g n i f i c a n t  at
elpha=*0.05 and b a r e l y  so at alpha = 0.01. The Dunc a n ' s  test was 
c o n d u c t e d  for i n f o r m a t i o n  load and d i r e c t i o n  of move (ANG) 
levels for each level of ID. The results of this test w i t h  5% 
level of s i g n i f i c a n c e  are given in Table 5.4. For both the 
levels of ID, the p e r f o r m a n c e  time was seen to increase 
c o r r e s p o n d i n g l y  with the i n c r e a s e  in i n f o r m a t i o n  load. The 
results for ID=3 Ibits for i n f o r m a t i o n  load levels was similar
to that found for the full f a c t o r i a l  model, in that all the
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T A BLE-5.4 DUNCAN's M u l t i p l e  Range Test for Each Level of ID
__ STUDY II
ID=3 Ibits
Rank 1 2 3 4 5
M e a n  PT 461 473 477 502 527
( M s e c )
I n f o r m a t i o n  3 3.58 4 4. 17 4.58
Load ( a i t s )
Rank 1 2 3 4
M ean PT 477 480 489 506
( M s e c )
D i r e c t i o n  of 5 6 4 3
Move 1 0 0 ° 1 2 0 ° 80° 60°
ID = 4 Ibits
Rank 1 2 3 4 5
Mean PT 538 543 565 568 591
( M s e c )
I n f o r m a t i o n  3 3.58 4 4.17 4.58
Lna H ( P -f l-s)
Rank 1 2 3 4
M ean PT 542 552 569 581
( M s e c )
D i r e c t i o n  of ® 5 4 3
Move 120° 1 0 0 ° 80° 60°
* Levels u n d e r s c o r e d  by the same line are not s i g n i f i c a n t l y  
d i f f e r e n t  (Alpha=0.05)
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adjacent levels were not s i g n i f i c a n t l y  dif f e r e n t  from each 
other w i t h  three m a i n  groupings. However, in the case of ID = 4 
Ibits, all the levels except the highest level of H (4.58 
bits), were found to be not s i g n i f i c a n t l y  different from each 
other. The higher three levels of H were also not 
s i g n i f i c a n t l y  d i fferent from each other for ID=*4 Ibits. This 
explains the reason why the i n f o r m a t i o n a l  load was not highly 
significant for ID=4 Ibits. In the case of the Duncan's test 
for levels of the d i r e c t i o n  of moves for each level of ID, all 
the four levels were found to be s i g n i f i c a n t l y  different from 
each other with p e r f o r m a n c e  time i n c r e a s i n g  in the clockwise 
direction. However, for ID=»3 Ibits the m i n i m u m  perfo r m a n c e  
time was noted to be for the a n g u l a r  d i r e c t i o n  A N G=5(100°)  
which was not s i g n i f i c a n t l y  dif f e r e n t  from the level of 
A N G = 6 (1 2 0 °). This shows that the m i n i m u m  p e r f o r m a n c e  time is, 
In general, in the d i r e c t i o n  b e t w e e n  1 0 0 ° to 1 2 0 °, with the 
m i n i m u m  p e r f o r m a n c e  time changing from 100° for ID=3 Ibits to 
120° for ID=4 Ibits.
5.6.3 A N O V A  for Each Level of H
The Duncan's test c o n ducted for the levels of d i rection  
°f move for each level of i n f o r m a t i o n  load is given in Table 
5.5. Both ID levels for each level of H were found to be 
si g n i f i c a n t l y  different from each other with the perf o r m a n c e  
time increa sing with the index of difficulty. Except for H=3 
bits, the p e r f o r m a n c e  time was noted to be m i n i m u m  for the
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TABLE 5.5 D U N C A N 1's M u l t i p l e  Range Test for Each Level of I n f o r m a t i o n
Load in STUDY- II
Information 
-  L o a d  r- R- t t - g  ^
Rank
2
M e a n  PT 
( M s e c )
477
D i r e c t i o n  6 











M e a n  PT 
( M s e c )
497
D i r e c t i o n  5 











M e a n  PT 
( M s e c )
504
D i r e c t i o n  5 




M e a n  PT 
( M s e c )
523
D i r e c t i o n  5 

















M e a n  PT 
( M s e c )
544











* Levels u n d e r s c o r e d  by the same line are not s i g n i f i c a n t l y  
d i f f e r e n t  (Alpha=*0.05) . Both levels of ID for all H 
s i g n i f i c a n t l y  different.
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angular direction 1 0 0 °, however it was not significantly  
different from ANG=»120° in all the cases. For H»3 bits the 
minimum performance time was noted for ANG=6(120°) which was 
the only level significantly different from the the other 
three levels (viz., 3,4 & 5) which were not noticeably 
different from each other. For Hs*3.58 bits, the level of 
ANG»3(60°) with the m a ximum performance time, was the only 
level significantly different from the other three levels (viz 
^ > 6 & 5) which were not s i gnificantly different from each 
other. For the levels of H “ 4 , 4.17 and 4.58 bits similar 
results were noted, with ANG»3(60°) and ANG=*4(80°) being 
significantly different from each other and also different 
from ANG=>5(100°) and A N G * 6 (120°). When comparing the results 
here and that seen for the Duncan's test for each level of ID 
(Table 5.3), a general trend is noted in that the effect of 
the angular direction on the performance time increases as the 
manual load (ID) and the mental load (H) is increased.
5.6,4 ANOVA for Each Level of ANG
The Duncan's test conducted after the A N OVA for each 
level of direction of move is given in Table 5.6. Except for 
the angular direction ANG=*5 ( 100° ) , the performance time was 
seen to increase c o r r e s p ondingly with the increase in the 
informational load with the m i n i m u m  recorded for H=3 bits and 
maximum for H=*4.58 bits. In the case of ANG = 5(100°) (where 
the informational load was found to be significant at
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TABLE 5.6 D U N C A N ' s  M u l t i p l e  R a nge Test for E a c h  L e vel of ANG
in S T U D Y  II
D i r e c t i o n  of 
M o v e s f A N G )
R a n k
1 2 3 4 5
3 (600)
M e a n  PT 513 530 544 551 579 
( M s e c )
I n f o r m a t i o n  3 3.58 4 4.17 4.58 
L oad (Bits)
4 (80°)
M e a n  PT 502 503 532 544 562 
(Msec )
I n f o r m a t i o n  3 3.58 4 4.17 4.58 
L o a d  (Bits) ------------------- - ----
5 (100°)
M e a n  PT 497 504 505 523 544 
( M s e c )
I n f o r m a t i o n  3.58 4 3 4.17 4.58 
Load (’Bits')
6 ( 1 2 0 °)
M e a n  PT 477 501 505 523 549 
( M s e c )
I n f o r m a t i o n  3 3.58 4 4.17 4.58
T.narf (Rtlrs)
* L e v e l s  u n d e r s c o r e d  by the same line are not s i g n i f i c a n t l y  
d i f f e r e n t  (Alpha**0.05). B o t h  le v e l s  of ID for all AN G  
s i g n i f i c a n t l y  di f f e r e n t .
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alpha=«0.05 but i n s i g n i f i c a n t  at a l p h a ^ O . O l  in the ANOVA), 
except for H*4.58 all the other four levels of H were found to 
be not s i g n i f i c a n t l y  d i f f e r e n t  from each other. From the 
results of Duncan's test for each level of H (Table 5.5) it 
was e a r l i e r  obse r v e d  that A N G = 5 ( 1 0 0 ° )  also p r o v i d e d  the 
m i n i m u m  p e r f o r m a n c e  time for four of the levels of H, impl y i n g  
that for the a n g u l a r  d i r e c t i o n  p r o v i d i n g  the m i n i m u m  
P e rf o r m a n c e  time, the i n f o r m a t i o n a l  load had a lesser effect 
°n the p e r f o r m a n c e  time.
5.6.5 G r aph Plotting.
The plots of the m e a n  p e r f o r m a n c e  time a g a i n s t  d i r e c t i o n  
°f move w e r e  p l o t t e d  for each level of ID, w i t h  curves for 
each level of H in each plot and i s . g i v e n  in the a p p e n d i x  E 
(Figures E.l - E.2). T h e s e  plots bring out the v a r i a t i o n  of 
the p e r f o r m a n c e  time for each level of ID. A general trend is 
u °ted for I D “ 3 I b i t s , w i t h  the p e r f o r m a n c e  time d e c r e a s i n g  in 
the c l o c k w i s e  d i r e c t i o n  of ANG and with d e c r e a s i n g  levels of 
i n f o r m a t i o n a l  load. However, more f l u c t u a t i o n s  are noted for 
the plot for ID=*4 Ibits. The na t u r e  of the effect of various 
levels of i n f o r m a t i o n  load for each level of Index of 
di f f i c u l t y  tested, is c l e a r l y  b r o u g h t  out in these plots. The 
effect being more u n i f o r m  for the level of ID=3 Ibits.
The plots for each level of H were also obtained and are 
given in the a p p e n d i x  (figures E.3 - E.7). Both the levels of 
ID were r e p r e s e n t e d  for each level of H.
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5.7 Prediction. E q u a t i o n
As part of the study a p r e d i c t i o n  e q u a t i o n  was d e v e l o p e d  
from the data collected. The m a i n  factors that were included  
in the m o d e l  were H ( I n f o r m a t i o n  Load), ID (index of 
Di fficulty) and the Cosine of the a n g u l a r  d i r e c t i o n  in 
degrees. M a n y  models w e r e  tested and the best among them in 
terms of the R s q u a r e  and g o o d n e s s  of fit is presented. This 
e q u a t i o n  is b o u n d e d  by the e x p e r i m e n t a l  condit i o n s  in this 
study. The p e r f o r m a n c e  time (PT) in m i l l i - s e c o n d s  may be 
obtained from the f o l l o w i n g  r e l a t i o n : -
PT = 4 5 7 . 1 0 5  - 1 4 1 . 8 4 1 H  +  2 3 . 7 1 H 2 + 72.88ID + 3 3 . 3 3 C O S 0  
w h e r e  $ Is the a n g u l a r  d i r e c t i o n  in degrees .
The R s quare for the above m o d e l  was 0.433 and the Pr>F 
value of 0 .0 0 0 1 .
5.8 C o n t o u r  P l o t t i n g
To give a v i s u a l  r e p r e s e n t a t i o n  of the v a r i o u s  
P e r f o r m a n c e  time regions for the four a n g u l a r  d i r e c t i o n  and 
the d i f f e r e n t  levels of I n f o r m a t i o n  load tested in this study, 
a c o n t o u r  was plotted. Two such plots were o b t a i n e d  for each 
level of the index of d i f f i c u l t y  and Is g i v e n  in the figures 
5*1 and 5.2. Given the d i r e c t i o n  of move, the i n f o r m a t i o n  
load and the level of the index of d i f f i c u l t y  the region of 
the p e r f o r m a n c e  time can be o b t a i n e d  from these plots. These 
Plots c l e a r l y  brings out the regions of same p e r f o r m a n c e  times 
tones o b t a i n e d  in this study.
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ID-3 Ibits
C O N T O U R  P L O T  OF H Vs. A N G
4.4
3 4 5 6
60° 80° 1 0 0 ° 1 2 0 °
A N G
( D i r e c t i o n  of M o v e s )
5 4 0 - 5 7 0
f i g u r e  5.1 P e r f o r m a n c e  Time R e g i o n s  (Msec) for I D — 3 Ibits
S t u d y  II
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80° 1 0 0 °
ANG
( D i r e c t i o n  of M o v e s )
6
120°
5 0 0 - 5 4 0 54 0 - 5 8 0 5 8 0 - 6 2 0
Pigure 5.2 Perf o r m a n c e  Time (Msec) R e g i o n s  for ID=4 Ibits
Study II




The mean HRV of all the subjects for each condition was 
calculated and the 5 conditions were ranked in the ascending 
order of the mean HRV values. The HRV of each subject 
recorded for each condition is given in appendix E. The 
ranking of the conditions are given in Table 5.7. Table 5.7 
also gives the levels of the factors that was also involved 
with each condition. The minimum HRV value was recorded for 
condition which involved the minimum level of information load 
(3 bits) tested, with ID levels of 3 and 4 Ibits and 4 angular 
directions. Thus, the manual elements involved were also 
minimum compared with the others in condition 1. The next 
least HRV value was noted for condition 5, which had involved 
the highest level of the information load (4.58 bits) as well 
as all the possible levels of ID and direction of moves 
possible. The maximum HRV was recorded for condition 2 with 
an information load of 3.58 bits with all the levels o f  index of 
difficulty for 4 direction of moves. Condition 3, with 
information load of 4 Bits and ID levels of 3 and 4 Ibits was 
ranked 4th.
The results of HRV recorded for this Study show a similar 
trend as that noted for Study It is seen here again that the 
HRV values are not affected merely by the level of mental load 
involved, as otherwise the conditions should have been ranked 
in the increasing order of the information load. The HRV 
seems to have also been affected by the levels of the manual
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TABLE 5.7 R a n k i n g  of C o n d i t i o n s  in A s c e n d i n g  order of HRV
S T UDY II
R ANK HRV C O N D I T I O N




Dif f iculty  
(Ibits)
D i r e c t i o n  
of Moves  
(ANG)
1 1 . 612 1 3 3 & 4 3 , 4 , 5 ,6
2 1.790 5 4.58 3,4 & 5 1 to 8
3 1 . 820 4 4.17 3,4 & 5 2 to 7
4 1.917 3 4 3 & 4 1 to 8
5 1.977 2 3.58 3,4 & 5 3 , 4 , 5 ,6
elements involved as observed in Study I. In Study I however, 
a ll the 8 directions were involved with the differences 
between the conditions (configuration) in that study being 
w ith levels of ID involved besides the i n formation load.
Thus, in Study I differences in the manual parameters in the 
task was only in the levels of ID involved. On the other hand 
in Study II various c o m b i n a t i o n  of dir e c t i o n  of move were 
involved with ID levels 3 and 4 Ibits being common to all 
conditions. The results again seem to show the information 
load tending to suppress (derease) the HRV and the manual 
loads identified here in terms of the Index of difficulty and 
angular directions, tending to increase the HRV values. The 
HRV values were recorded for obser v a t i o n  purposes only for the 
study, as mentioned earlier. The implications of the results 
are reserved for the next (concluding) chapter.
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5.10 Applications of Results
The prediction equation presented in section 5.7 may be 
used for estimating the performance time for such tasks which 
involve angle of move, the information load and the index of 
difficulty. The existing P.M.T.S do not consider these factors 
included in the model and may be used until it is validated.
For comparison of the estimated PT obtained from this model and 
that of the observed mean PT in the study, graphs have been 
plotted (Figures E.8-E.12). For comparison purposes the 
predicted model obtained by Raouf and Arora (1980) has also 
been plotted on the same graphs, emphazing here again their 
Model did not consider all the conditions as in this study.
The contour plots clearly brings out the various 
performance time regions with various levels of H, ANG and ID 
tested in this study. This would be useful for quick 
references for the estima t i o n  of PT and help in deciding the 
position of control switchs based on its priority and frequency 
of use in the work area.
A definite trend in the HRV results was observed. Further 
research is suggested (next chapter) before any recommendations 
for its further applications.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
C H A P T E R  V I
D ISCUS S I O N  AND CONCLUSIONS
The following are the conclusions and implications of the 
results obtained from the two s t u d i e s : —
(1) From the entire w o r k  area which was covered for type II 
tasks considered in the study, lower p e rformance time was 
observed for the region enclosed between the angular direction 
60°-120°. Within this region again the least performance time 
was obtained for the angular direction 100°. Raouf and Arora 
(1980) obtained the m i n i m u m  performance time for the angular 
direction 1 2 0 ° (the angle 1 0 0 ° was not tested in their study 
with type II task).
(2) The studies indicate performance time increases 
c o r r e s p o n d i n g l y  with the index of d i f f iculty consistent with 
earlier findings of Fitts and Peterson (1964), Scholes (1970) 
and Raouf and Arora (1980). Both the studies were the first 
where the uncertainty in the occurrence of the ID (thus reach 
distance) and the angle of move per cycle was simulated for 
such tasks and thus extends the earlier findings.
78
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(3) Information load was found to be significant on the 
performance time. The performance time was seen to increase 
with an corresponding increase in the i n formation load, a 
finding again consistent with earlier findings of Raouf and 
Mehra (1974), Tsui (1979) and Raouf and Arora (1980). However, 
the essential and important difference was the level of the 
information load involved (Raouf and Arora studied this task 
with a m a ximum of 3.32 Bits), the levels used here were between 
3 to 4.58 bits not tested before. The effect of high levels of 
i nformation load and thus closer to practical situations, were 
studied here. The decreasing effect of information load with 
an increase in the index of d i f f iculty was found in the studies 
here consistent with the findings of Raouf and Mehra 1974. No 
regular pattern was observed with ID=5 Ibits and for H greater 
than 3 bits.
(4) The interaction effects were found to be statistically 
significant for the 3 factors tested (H,ID and ANG) in Study 
II* This is an i m plication that for the levels of the factors 
tested, besides the individual level of these factors the 
combinations of them also affects the performance time.
However, as the extent of variations attributable to these 
interactions is small it is concluded its effect is very 
limited in practical situations.
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(5) The performance time regions were mapped out from the 
results of Study II, for the visual representation of the 
iso-performance time zones with various levels of information 
load and four directions of move, for each level of index of 
difficulty. This could be specially handy for quick reference 
for the estimation of the performance time covered by the 
levels of these factors. The prediction model developed from 
the data collected could also be used for the estimation of 
the performance time for such tasks involving the factors 
studied (H, ID and ANG) in Study II.
(6) The HRV values used in the studies here were for 
observation purposes only. Consistent observations have been 
noted for both the studies. It was noted that the HRV was 
affected both by the level of manual as well as the decision 
component in the task. As both the studies were primarily 
designed to study the effect of the performance time the exact 
degree of the effect of each of the element could not be 
quantified. The results of this study suggest the HRV to be 
suppressed (decreased) by the information load, consistent with 
the findings in the literature (Table 2.2). However, a general 
trend in the increase in HRV with increasing levels of the 
manual loads is observed in the studies here. The findings 
here justifies further research for studying the usefulness of 
the variable HRV for determining the workload in such tasks 
with possibly using it for rating t a s k /o p e r a t o r s .
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Suggestions for further research.
(1) In both the studies, the levels of the information load 
were varied by varying the number of equiprobable choices 
involved. Further reasearch is suggested using various 
p r obability distributions governing the occurrences of the 
alternatives in such tasks.
(2) The occurrences of various stimuli could be based on 
the priority of the particular set and possibly develop 
standard maps with iso-response time regions to cover the 
entire work area, with 'priority' zones marked out.
(3) The task involved in ths studies were 'self-paced'. 
Research could be carried out with uncer t a i n t y  in the exact 
occurrence of the stimulus, simulating a 'machine-paced' task.
(4) Age of the operators is another factor that could be 
studied, to study the influence of age on performance.
(5) HRV is clearly another variable that could be used in 
dete r m i n i n g  the workload of such tasks. More research is 
required to isolate the influence the effect of various 
parameters involved in such tasks. The prospects of using 
this variable in rating the task as well as the operator needs 
further probing and seems very promising.
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(6) Due to the limitations of the equipment the lower ID level 
tested was 3 Ibits. Further research is suggested with ID levels 
less than 3 Ibits for similiar situations and extend the 
findings to include this range.
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A P P E N D I X  A  
E x p e r i m e n t a l  Set-Up








Fig. A . 1 Angular Directions of S-R unit, panel
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Fig. A. 3a Response-Switch Cap
-10mm diameter
Fig. A.3b Stylus used for Study










Figure A.4 Experimental Set-Up
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Figure A . 5 S-R Unit Panel
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Figure A.6 Beckmans Electrodes Attached 
to Subject
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POP 11103 SYSTEM |  | _ |
Figure A. 7 POP 11/03 Mini-Computer usea 
For HRV program
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Figure A.8 Control Box Used For Controlling 
the HRV program
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APPENDIX B
Experimental Conditions in Study
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FIG. MO. B.l
S-R UNIT PRNEL LRYOUT FOR STUDY I 
CONFIGURRTI ON NUMBER . = i 
NUMBER OF ALTERNATI UES= 8 
INDEX OF DIFFICULTY = 3 ibits
.RESPONSE LIGHTS
 ^INITIATE BUTTON LIGHT
 .INITIATE BUTTON
* Only the shaded response lights occur in set
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FIG. NO. B .2
S-R UNIT PANEL LAYOUT FOR STUDY I 
CONFIGURATION NUMBER = 2
NUMBER OF ALTERNATIUES= 8 




* Only the shaded response lights occur in set
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FIG. NO. B.3
S-R UNIT PANEL LAYOUT FOR STUDY I 
CONFIGURATION NUMBER = 3
NUMBER OF ALTERNATIUES= 8 




* Only the shaded response lights occur in set
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FIG. NO. b .4
S-R UNIT PRNEL LRYOUT FOR STUDY I 
CONFIGURATION NUNBER = 4 
NUMBER OF ALTERNATIUES= 6 




* Only Lhe shaded response lights occur in set
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FIG. NO. B *5
S-R UNIT PRNEL LRVOUT FOR STUDY I 
CONFIGURRTION NUNBER = 5 
NUHBER OF RLTERNflTIUES= 16 




* Only the shaded response lights occur in set
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FIG. NO. b .6
S-R UNIT PRNEL LRVOUT FOR STUDY I 
CONFIGURATION NUNBER = 6 
NUNBER OF ALTERNATIUES= 16 




* Only t-he shaded response light.s occur in set.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
103
S-R UNIT PANEL LAYOUT FOR STUDY I 
CONFIGURATION NUNBER = 7 
NUNBER OF ALTERNATIUES= 24 
INDEX OF DIFFICULTY = 3, 4 & 5 ibits
^^ESPOISSE LIGHTS
^ lOHau^ f
200 inn ^ INITIATE BUTT DM LIGHT
.INITIATE BUTTON
* Only -the shaded response lighhs occur in set
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Table B. 1
R esp o n s e  Lights in each C o n f i g u r a t i o n  for Study I
Conf. No /(H bits) Respo n s e  Light Codes
1 /(3 bits) 2 , 5 , 8 , 1 1 , 1 4 , 1 9 , 2 0 , 2 3
2 /(3 bits) 1 , 4 , 7 , 1 0 , 1 3 , 1 6 , 1 9 , 2 2
3 /(3 bits) 0 , 3 , 6 , 9 , 1 2 , 1 5 , 1 8 , 2 1
4 /(4 bits) 2 , 5 , 8 , 1 1 , 1 4 , 1 9 , 2 0 , 2 3
1 , 4 , 7 , 1 0 , 1 3 , 1 6 , 1 9 , 2 2
5 /(4 bits) 1 , 4 , 7 , 1 0 , 1 3 , 1 6 , 1 9 , 2 2
0 , 3 , 6 , 9 , 1 2 , 1 5 , 1 8 , 2 1
6 /(4 bits) 2 , 5 , 8 , 1 1 , 1 4 , 1 9 , 2 0 , 2 3
0 , 3 , 6 , 9 , 1 2 , 1 5 , 1 8 , 2 1
7 /(4.58 bits) 2 , 5 , 8 , 1 1 , 1 4 , 1 9 , 2 0 , 2 3
1 , 4 , 7 , 1 0 , 1 3 , 1 6 , 1 9 , 2 2
0 , 3 , 6 , 9 , 1 2 , 1 5 , 1 8 , 2 1
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T a b l e  B.2
Sequence of Experimental Conditions for Subjects in STUDY I
Seq. No. Condition Numbers for each Subject
Subl Sub2 Sub3 Sub4 Sub5
1 • 3 7 3 6 4
2 6 4 1 5 2
3 1 5 6 7 5
4 2 3 4 4 7
5 7 1 5 1 6
6 5 6 7 3 1
7 4 2 2 2 3
-92-
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Table B,3
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T a b l e  B . 4
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T A B L E  B . 5
EMS C A L C U L A T I O N  FOR EACH LEVEL OF ID (3, 4 & 5 Ibits)
For STUDY I
EFFECTS
Fixed Fixed Random Ra n d o m
CONF ANG SUB Error
i j k 1
Source 4 8 5
10 EMS
^ONF ± 0 8 5
10 4* + 80<j£#s + 4UU <fie
a n g  * 4 0 5
10 £  + 4 0 * k  + 2 00 pf/i
CONF*ANG ij 0 0 5
10 <s£ + lOdc.AS + 5 0ffe.fi
SUB k 4 8 1
10 £  + 3 2 0 4
C0NF*SUB 0 8 I
10 4  + 8 0
ANG*SUB jk 4 0 1
10 4  + 4o4*.«
C O N F *ANG*SUB 0 0 1 10
Error i(ijk) 1 I
1 10 4
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A P P E N D I X  C 
E x p e r i m e n t a l  Condit i o n s  in Study II
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FIG. NO. e.l
S-R UNIT PANEL LAYOUT FOR STUDY II 
NUMBER OF ALTERNATIUES= 8 
INFORMATIONAL LOAD = 3 Bits




*Only the shaded response lights occurr in set
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FIG. MO. c *2
S-R UNIT PANEL LAYOUT FOR STUDY II 
NUMBER OF ALTERNAT IUES= 12 
INFORMATIONAL LOAD = 3.58 Bits





*Only the shaded response lights occurr in set
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FIG. NO. c.3
S-R UNIT PANEL LAYOUT FOR STUDY II 
NUMBER OF ALTERNATIUES= 16 
INFORMATIONAL LOAD = 4 Bits




*Only the shaded response lights occurr in set
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FIG. MO. C.4
S-R UNIT PANEL LAYOUT FOR STUDY II 
NUnBER OF ALTERNATIUES= 18 Bits 
INFORMATIONAL LOAD =  4.17 Bits
INDEX OF DIFFICULTY =  3, 4 & 5 ibits
RESPONSE LIGHTS
lOQmnt)! 
200mo__^  .^miTIflTE BUTTOM LIGHT
 JMITIflTE BUTTOH
\ ----
*Only the shaded response lights occurr in set
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FIG. NO. C . 5
S-R UN IT PANEL LAYOUT FOR STUDY II 
NUMBER OF RLTERNRTIUES= 24 
INFORMRTIONRL LORD = 4.58 ibits
INDEX OF DIFFICULTY = 3, 4 & 5 ibits
. R E S P O N S E  LIGHTS
.INITIATE BUTTON LIGHT
.INITIATE BUTTON
*Only the shaded response lights occurr in set
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Table C. 1
Details of the Subjects (STUDY II)
Subject No. Age Faculty
1 27 Grad. Studies
2 22 Engineering
3 20 Engineering




8 23 Grad. Studies
Table C. 2
Randomised Sequence of Experimental Condition for Each Subject 
for Study II
Subject No.
Order of Condition Numbers
1 2 3 4 5
1 3 4 1 5 2
2 2 4 5 1 3
3 3 1 2 4 5
4 5 1 3 2 4
5 3 4 5 2 1
6 2 3 5 4 1
7 5 4 1 3 2
8 1 5 2 4 3
9 1 5 2 3 5
10 1 4 3 5 2
LEGEND
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Table C. 3
Response Lights in each Condition for Study II
X  o n d . No . / CH Bits') Response Light Nos.
1 /(3 bits) 7.10.13.16
8.11.14.17
2 /(3.58 bits) 7.10.13.16
8.11.14.17 
6,9,12,15
3 /(4 bits) 2,5,8,11,14,17,20,23
1,4,7,10,13,16,19,22
4 /(4.17 bits) 5,8,11,14,17,20
4,7,10,13,16,19
3,6,9,12,15,18
5 /(4.58 bits) 2,5,8,11,14,17,20,23
1,4,7,10,13,16,19,22
0,3,6,9,12,15,18,21
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EMS Tables for Mixed Model Used in Study II
Effects S y m b o 1 Level Type
I nfor m a t i o n  Load Hi 5 Fixed
Index of Difficulty I D j 5 Fixed
D i r e c t i o n  of Move A N G k 4 Fixed
Subjects Si 10 Random
Res idual E q(ikl) 10 Rand om
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T A B L E  C . 4
















Source 5 2 4 8 10 EMS
«i 0 2 4 8 10 4 +80 +640 0h
IDj 5 0 4 8 10 4 + 200 ^ o.t +16OO0,o
l^IDi j 0 0 4 8 10 4 +4 0 c^ h .io-s +3 2 0 0»-»°
A N G k 5 2 0 8 10 4 + 100 </l.s +800 0A
H * A N G ik 0 2 0 8 10 4 + 20 tfH.A•* +16 0
I D * A N G jk 5 0 0 8 10 4 +5 0 *.5 +4 00
H * I D * A N G i jk 0 0 0 8 10 4 + 10 <^.10.(4+80 0H.»O-A
S 1 5 2 4 1 10 4 +4 0
H*Sii 0 2 4 1 10 4 +8 0 tfC.g
l D * S i;L 5 0 4 1 10 4 + 200 4*
A N G * S kl 5 2 0 1 10 4 + 10 0 rf'fl.s
H*ID*Sij! 0 0 4 1 10 4 +4 0 '!>• S
id*ang*sjkl 0 2 0 1 10 4 .2+5 0 a,0 . a-s
H * A N G * S ikl 0 2 0 1 10 4 +20 a *5
H * I D * A N G * S i j kl 0 0 0 1 10 4 + 10
Eq(ijkl)
— -----------------
1 1 1 1 l 4
>
(* A equivalent to ANG)
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TABLE C. 5
EMS Calculation for Each Level of H (STUDY II)
Fixed Fixed Random Random
ID ANG S E
i k 1 q
Source 2 4 8 10 EMS
M o C_
u 0 4 8 10 <1*2 +4 0 (fio-s +3 2 0
A N G k 2 0 8 10 +20 +160
ID*ANG jk 0 0 8 10
t 2
vg +10 tf'Jo.B‘i+8 0
S 1 2 4 1 10 +8 0
ID*S j x 0 4 1 10 cj^  +40 Sie.s
A N G * S k 2. 2 0 1 10 4  +20rfi.s
I D * A N G * S j kl 0 0 1 10
2 *•
^  +10 6*/8.j).S
E q(jkl) 1 1 1 10 £
(* A equivalent to ANG)
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TABLE C. 6













Source 5 4 8 10 EMS
Hi 0 4 8 10 4 +  40<*£5 + 3 2  0
A N G k 5 0 8 10 4
L
+ 50 +400 pn
H * A N G lk 0 0 8 10 4 + 10tfi.B.j +8 0 P  H ‘
Si 5 4 1 10 4 + 2 00 <£
H * S il 0 4 1 10 4 +4 0
ANG* Sk ]_ 5 0 I 10 4 +5 0 s
H*ANG*Sikl 0 0 1 10 4 + 10
Eq(ikl) 1 1 1 1 4
(* A equivalent to ANG)
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TABLE C. 7













Source 5 2 10 10 EMS
H i 0 2 8 10 + 2  0 + 160
I Dj 5 0 10 10 4 +5 0 ^ 0.« +400 0|o
H * I D ± j 0 0 8 10 + 10 +80
s k 5 2 1 10 4 * + 1 0 0  £
H* S i i 0 2 1 10 4 ' + 2 0
ID* S j 5 0 1 10 4 +5 0 4*10.5
H*ID*Siji 0 0 1 10 4 + 10  ^ H . i O . S
E q(iji) 1 1 1 10 4 l
■ -
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I N S T R U C T I O N  TO SUBJECTS
Please read the Instructions to be followed c a r e f u l l y  to 
make sure you unders t a n d  your part in the experiment.
The experiment e s s e n t i a l l y  involves a s i gnal-response 
unit w h ich consists of 24 lights placed in 8 slots (3 per each 
slot) w h ich represents 8 directions of movement. Each of 
these response lights also combines a button switch just 
beneath it. At the bottom center of the panel is another 
light (called the initiate button light) with a button switch 
r e p r e s e n t i n g  the 'initiate button'. You will be required to 
use a light-weight stylus to be held in your right hand the 
same way as you w o u l d  hold a pencil. Make sure to sit upright 
w ith your body centered with the panel with your left hand on 
your lap, m a i n t a i n i n g  this posture when performing the task 
throughout the experiment. Also, before the commencement of 
each e x p e r imental cycle keep your eyes focussed on the 
initiate button light and then press the initiate button with 
the stylus. This will result in one of the response lights to 
light up. You are then required to detect this response light 
and move the stylus as quick i l y  as possible to the 
corresp o n d i n g  response light button and press it to turn it 
off, to complete one cycle. The cycle is repeated by pressing 
the initiate button switch again, resulting in another one of 
the response light being turned on, not n e c e s s a r i l y  the same 
one as the preceeding cycle. The set of response lights from
cont'd
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which one of the lights could come on is determined by the 
exp e r i m e n t a l  co n d i t i o n  and will be identified to you before 
the start of each condition. There are in all 5 such 
exp e r i m e n t a l  conditions.
Your response time for each cycle is the time elapsed 
from the moment the initiate button is pressed till the 
response light is turned off. There are two types of errors 
that are identified and recorded. One of the errors is when 
the initiate button is pressed before the initiate button 
light is on, a c t i v a t i n g  a brief 'beep' s o u n d tto warn the 
o c c u r r a n c e  of an error. The second type of error recorded is 
when the wrong response light button is pressed which 
activates a beeping sound w h ich continues till the correct 
response is made. If too many of such errors are repeated you 
may be asked to repeat the whole set. Ensure that you avoid 
both these types of error.
Before the c o m m e ncement of the recording of the 
e x p e r imental data you will be asked to do some practice cycles, 
for 10-15 minutes. Besides that, before the beginning of each 
e x p e r i m e n t a l  co n d i t i o n  practice cycles will also be given for 
the response light occurring for that set. Sufficient rest 
pauses will also be given b e tween each e x p e rimental condition. 
Throughout the experiment make sure you make the responses as 
quickily as possible m a i n t a i n i n g  this pace throughout the 
study.
In addition to the response time your heart rate values
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P g * 3
will also be recorded throughout the experiment. This will be 
collected using 3 electrodes that will be placed around your 
chest.
The duration of the whole experiment would be 2-3 hours 
and you will be paid 15.00 $ for your participation. For the 
purpose of this study you will be identified by a number 
assigned to you and your identity will not be used for the 
purposes of analysis of the results. If you have any 
questions please do not h e s istate to ask.
Please fill out the personal data sheet form and sign the 
form as you acceptance of your partic i p a t i o n  in the experiment 
as outlined above.
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PERS O N A L  DATA SHEET 
(To be filled by subject)
Name :_____________________  ___________________









Please read the 'In s t r u c t i o n  to Subjects' and sign below as your 
accept a n c e  of p a r t i c i p a t i o n  in the experiment.
Signature
Date _____________________
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
A P P E N D I X  D 
Results of Study I
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MEAN PERFORMANCE TIME (MSEC) VS. DIRECTION OF MOVE
H=3
PLOT OF PTMEAN*ANG SYMBOL IS VALUE OF ID (IN IBITS)
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Figure D.4
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MEAN PERFORMANCE TIME (MSEC) VS. DIRECTION OF MOVE
H=4
PLOT OF PTMEAN*ANG SYMBOL IS VALUE OF ID (IN IBITS)
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Figure D .5
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MEAN PERFORMANCE TIME- (MSEC) VS. DIRECTION OF MOVE
H =4.58
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Figure D .6
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Results of Study II
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T A B L E  E .  1
S U M MARY OF A N O V A  FOR STUDY II 
(Full F a c torial Model)
SOURCE DF ANO V A  SS F VALUE PR > F
SUB 7 338 4 0 8 5 . 7 7 4 6 8 7 2 3
H 4 1406128 . 3 8 3 1 2 4 8 9 5.52 0.0021
SUB*H 28 1783254.50187451
ID 1 42 4 9 2 6 8 . 4 0 0 3 1 2 4 8 122.66 0.0001
SUB*ID 7 2 4 2 5 0 7 . 7 0 2 1 8 7 3 6
H*ID 4 60970.89812493 6.57 0.0007
SUB *H*ID 28 64998.38687491
ANG 3 5 2 6 7 0 5 . 6 2 3 4 3 7 3 5 21. 58 0.0001
SUB*ANG 21 1708 2 2 . 6 6 4 0 6 2 2 0
H*ANG 12 1072 5 6 . 4 5 9 3 7 4 9 0 6.50 0.0001
SUB*H*ANG 84 115522.51562411
ID*ANG 3 3 9707. 5 4 0 9 3 7 4 8 14 . 00 0.0001
SUB*ID*ANG 21 19854.96656203
H *ID*ANG 12 1 5 2 581.45437479 14.04 0.0001
S TJB * H * ID * ANG 84 76068.60062319
ERROR 2880 1 801400 . 9 0 0 0 0 5 0 4
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T A B L E  E .  2
A N O V A  F O R  E A C H  L E V E L  O F  I D  ( S T U D Y  I I )
ID=3 IBITS
SOURCE DF A N O V A  SS F VALUE
SUB 7
H 4
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TABLE E .3
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TABLE E. Cont'd.
A N OVA FOR EACH LEVEL OF H (STUDY II) 
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TABLE E. 4






















A N OVA SS F VALUE
9 3 8 8 9 9 . 9 7 4 9 9 9 9 8 
3835 0 0 . 1 5 7 4 9 9 9 9  5.72
4 6 9 5 2 6 . 2 6 2 4 9 9 9 7  
1 1 3 1 7 60.12499999 127.11
6 2327 . 5 7 5 0 0 0 0 0  
35882. 4 6 2 5 0 0 0 1  8.75
2 8702.83749997 
3 4 3 9 2 0 . 4 0 0 0 0 0 1 0
A N G =4 (80°)
ANOVA SS F VALUE
SUB
II
S U B * II 
ID
SUB*ID
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Percentage Variance At t r i b u t e d  to Various Factors in Study II 
Main Effects %



















Four Way Interaction and Error
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MEAN PERFORMANCE TIME (MSEC) VS. D I R ECTION OF MOVE
H=*3 BITS
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M E A N  P E R F O R M A N C E  T I M E  ( M S E C )  V S .  D I R E C T I O N  O F  M O V E
H = 3 . 5 8  B I T S














3 4 5 6
6 Oo oo00 100° 120
ANGLE
Figure E .2
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
M E A N  P E R F O R M A N C E  T I M E  ( M S E C )  V S .  D I R E C T I O N  O F  M O V E
H =  4  B I T S
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M E A N  P E R F O R M A N C E  T I M E  ( M S E C )  V S .  D I R E C T I O N  O F
H =  4 . 1 7  B I T S
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M E A N  P E R F O R M A N C E  T I M E  ( M S E C )  V S .  D I R E C T I O N  O F
H =  4 . 5 8  B I T S
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M E A N P E R F O R M A N C E  T I M E  ( M S E C )  V S .  D I R E C T I O N  O F  M O V E
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M E A N  P E R F O R M A N C E  T I M E  ( M S E C )  V S .  D I R E C T I O N  O F  M O V E
I D = 4  I B I T S
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5-- -- 5 H=4.58 Bits
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
C O M P A R I S O N  OF PREDICTED AND OBSERVED PERFORMANCE TIME
STUDY II
MEAN PERFORMANCE TIME (MSEC) VS. IN F O R M A T I O N A L  LOAD
ANGLE-eO*
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C O M P A R I S O N  OF PREDICTED AND OBSERVED P E RFORMANCE TIME
STUDY II
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COMPAR I S O N  OF P R EDICTED AND OBSERVED PERFORMANCE TIME
STUDY II
M E A N  PERFORMANCE TIME (MSEC) VS. I N FORMATIONAL LOAD
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COMPARISON OF PREDICTED AND OBSERVED PERFORMANCE TIME
STUDY II
MEAN PERFORMANCE TIME (MSEC) VS. INFORMATIONAL LOAD
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A P P E N D I X  F
F.l- Mean Perfo r m a n c e  Times in Study I 
F.2 HRV of Subjects in Study I 
F.3 Mean Perfo r m a n c e  Times in Study II 
F.4 HRV of Subjects in Study II
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A p p e n d i x  F .1
1 4 7
Mean Performance Time(Msec) for Each Subject in STUDY I
OBS SUB CONF ID ANG H PTMEAN N SD MIN MAX
1 1 1 3 1 3. 00 527 . 7 10 20.9393 499 561
2 2 1 3 1 3 . 00 532 . 1 10 24.2003 483 559
3 3 1 3 1 3.00 560.5 10 17 . 9335 522 581
4 4 1 3 1 3.00 581 .0 10 39 . 9694 484 615
5 5 1 3 1 3.00 561 . 1 10 29.6964 512 593
6 1 4 3 1 4. 00 521.4 10 15.8409 498 541
7 2 4 3 1 4.00 557 . 8 10 9.8522 535 568
8 3 4 3 1 4.00 569. 7 10 20.1442 530 596
9 4 4 3 1 4.00 536.0 10 21.7715 484 559
10 5 4 3 1 4.00 610. 7 10 43.8483 510 647
11 1 6 3 1 4.00 535. 7 10 16.0142 508 550
12 2 6 3 1 4. 00 529 . 9 10 9.4216 510 542
13 3 6 3 1 4.00 591. 5 10 20. 1343 560 623
14 4 6 3 1 4.00 572 . 5 10 17.5325 537 591
15 5 6 3 1 4 . 00 645. 7 10 18.5176 616 668
16 1 7 3 1 4.58 563.8 10 14.2969 542 579
17 2 7 3 1 4.58 618.9 10 25.7011 572 659
18 3 7 3 1 4.58 582 . 9 10 26.1468 555 639
19 4 7 3 1 4.58 573 .4 10 40.5961 499 628
20 5 7 3 1 4.58 688. 7 10 28.3825 626 721
21 1 1 3 2 3. 00 493. 0 10 11.4504 466 505
22 2 1 3 2 3.00 501. 2 10 16.9693 476 519
23 3 1 3 2 3.00 514.0 10 16.9247 490 551
24 4 1 3 2 3.00 574.2 10 19.6797 550 599
25 5 1 3 2 3.00 535.4 10 15.0643 512 555
26 1 3 2 4. 00 498.2 10 15.0466 470 516
27 2 4 3 2 4.00 521. 2 10 21 . 5499 496 568
28 3 3 2 4.00 529. 1 10 29.9424 477 572
29 4 4 3 2 4.00 514.3 10 26.4829 478 554
30 5 4 3 2 4. 00 583 . 6 10 15.3420 552 604
31 1 6 3 2 4.00 514.1 10 15.6308 495 539
32 2 6 3 2 4.00 532.4 10 20.9878 503 569
33 3 6 3 2 4. 00 560.6 10 29.3341 526 619
34 4 6 3 2 4.00 534. 3 10 79.1455 318 604
35 5 6 3 2 4. 00 647 . 5 10 22 . 7315 615 677
36 1 7 3 2 4.58 532. 3 10 24.7568 483 571
37 2 7 3 2 4.58 572 . 4 10 22 . 1570 531 607
38 3 7 3 2 4.58 587.4 10 31.8231 544 654
39 4 7 3 2 4.58 530.4 10 34.5871 476 572
40 5 7 3 2 4.58 671 .4 10 28 . 6674 629 733
41 1 1 3 3 3.00 473 . 1 10 10.7129 451 485
42 2 1 3 3 3.00 485. 1 10 30.1642 409 514
43 3 1 3 3 3. 00 498. 6 10 22.7459 472 548
4 4 4 1 3 3 3.00 551.4 10 26.7881 496 575
45 5 1 3 3 3. 00 550.8 10 23.2417 498 570
46 1 4 3 3 4.00 450.8 10 16.1850 427 476
47 2 4 3 3 4 . 00 499. 3 10 12.4993 474 515
Con t
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Mean Performance Time(Msec) for Each Subject in STUDY I
OBS SUB CONF ID ANG H PTMEAN N SD MIN MAX
48 3 4 3 3 4. 00 503. 5 10 18 . 8341 469 532
49 4 4 3 3 4 . 00 494. 6 10 30.3615 438 538
50 5 4 3 3 4.00 591. 5 10 22.4512 546 620
51 1 6 3 3 4.00 473.3 10 11.6624 452 487
52 2 6 3 3 4. 00 478.4 10 15.8128 447 498
53 3 6 3 3 4. 00 531. 4 10 19.7889 499 559
54 4 6 3 3 4. 00 463. 5 10 95.2555 267 517
55 5 6 3 3 4. 00 610.0 10 8.4327 596 623
56 1 7 3 3 4.58 505. 2 10 14.4668 474 523
57 2 7 3 3 4.58 531.3 10 24.6083 502 572
58 3 7 3 3 4.58 544. 5 10 18.6682 520 576
59 4 7 3 3 4.58 507. 7 10 26.5667 440 531
60 5 7 3 3 4.58 670.0 10 21.4942 635 696
61 1 1 3 4 3.00 457 . 3 10 18.0988 426 475
62 2 1 3 4 3 . 00 457.3 10 18.2820 416 477
63 3 1 3 4 3. 00 485. 8 10 25.8104 446 515
64 4 1 3 4 3.00 554. 8 10 39 . 1686 465 599
65 5 1 3 4 3.00 579.9 10 50.1519 524 631
66 1 3 4 4.00 445. 2 10 26.3768 400 477
67 2 4 3 4 4.00 491.9 10 9.1706 480 505
68 3 3 4 4.00 513. 5 10 16.0226 483 536
69 4 4 3 4 4.00 500. 5 10 27.5530 447 530
70 5 4 3 4 4.00 555 . 9 10 22.5559 528 587
71 1 6 3 4 4. 00 466.7 10 27.6889 409 494
72 2 6 3 4 4.00 488. 3 10 19.6528 469 519
73 3 6 3 4 4.00 544. 7 10 46.3371 474 607
74 4 6 3 4 4.00 515. 3 10 25.2104 477 544
75 5 6 3 4 4.00 615.8 10 18.7190 578 636
76 1 7 3 4 4.58 489. 5 10 12.6337 464 507
77 2 7 3 4 4.58 545.2 10 27.1162 505 580
78 3 7 3 4 4.58 508. 8 10 23.7758 474 551
79 4 7 3 4 4.58 482 . 5 10 17.7904 463 503
80 5 7 3 4 4.58 653. 6 10 41.9078 580 699
81 1 1 3 5 3.00 428 . 8 10 17.1840 385 441
82 2 1 3 5 3 . 00 449 . 1 10 22.9078 398 478
83 3 1 3 5 3.00 474.3 10 18.7975 436 494
84 4 1 3 5 3.00 497 .6 10 30.0304 445 525
85 5 1 3 5 3 .00 526.0 10 10. 3064 508 539
86 1 4 3 5 4.00 429 . 2 10 14.9503 405 454
87 2 4 3 5 4.00 497. 7 10 13.6549 470 516
88 3 4 3 5 4.00 483 . 9 10 12.4762 466 503
89 4 4 3 5 4.00 476.0 10 18.2209 444 497
90 5 4 3 5 4.00 568.5 10 25.7045 520 600
91 1 6 3 5 4.00 453.9 10 28.9154 392 484
92 2 6 3 5 4. 00 475.9 10 18.0521 447 502
93 3 6 3 5 4.00 519.4 10 19.4947 467 533
94 4 6 3 5 4 . 00 503. 1 10 22.0880 460 529
95 5 6 3 5 4.00 590. 1 10 14.9030 568 610
96 1 7 3 5 4.58 471. 7 10 26.2554 427 514
C o n t "d
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
1 4 9
Mean P e rformance Time(Msec) for Each Subject in STUDY I
OBS SUB CONF ID ANG H PTMEAN N SD MIN MAX
97 2 7 3 5 4.58 526 . 7 10 28 . 3786 473 568
98 3 7 3 5 4.58 515 . 2 10 28 .2048 465 554
99 4 7 3 5 4.58 501. 2 10 20.2803 463 528
100 5 7 3 5 4.58 620. 8 10 21.1702 588 649
101 1 1 3 6 3. 00 436 . 0 10 9.0921 420 447
102 2 1 3 6 3.00 463.2 10 6.7954 452 472
103 3 1 3 6 3.00 482 . 6 10 20.4516 441 499
104 4 1 3 6 3.00 483 . 4 10 71.0011 287 528
105 5 1 3 6 3.00 528 . 5 10 14.1284 504 551
106 1 4 3 6 4.00 435. 9 10 14.0511 411 452
107 2 4 3 6 4.00 489.0 10 14 . 8324 463 506
108 3 4 3 6 4.00 516.2 10 18.3594 482 537
109 4 4 3 6 4.00 469 .7 10 33.8134 414 507
110 5 4 3 6 4.00 594 . 2 10 27.4015 528 624
111 1 6 3 6 4.00 445.8 10 19.5948 406 474
112 2 6 3 6 4.00 496. 6 10 8. 8217 479 507
113 3 6 3 6 4.00 522. 5 10 21.0304 492 551
114 4 6 3 6 4.00 503.4 10 31.1027 422 525
115 5 6 3 6 4.00 612.8 10 16.6720 569 629
116 1 7 3 6 4.58 464.7 10 19.5110 439 489
117 2 7 3 6 4.58 544.8 10 27.1735 508 583
118 3 7 3 6 4.58 539 . 5 10 28 . 7412 486 563
119 4 7 3 6 4.58 491. 3 10 37.4523 432 538
120 5 7 3 6 4.58 618.5 10 25.6266 576 649
121 1 1 3 7 3.00 472 . 4 10 18.0567 434 493
122 2 1 3 7 3.00 498. 1 10 24.4334 465 532
123 3 1 3 7 3. 00 509 . 4 10 60.3199 445 628
124 4 1 3 7 3. 00 533. 5 10 47.2376 451 595
125 5 1 3 7 3. 00 565 . 6 10 37.4943 507 627
126 1 4 3 7 4. 00 462 . 8 10 13.8307 444 487
127 2 4 3 7 4. 00 550.2 10 55.7670 497 688
128 3 4 3 7 4. 00 542. 6 10 52.0282 483 640
129 4 4 3 7 4. 00 553. 9 10 57.4194 478 646
130 5 4 3 7 4.00 593 . 3 10 19.1778 547 610
131 1 6 3 7 4. 00 503. 2 10 52.4993 428 588
132 2 6 3 7 4. 00 536. 1 10 32.0640 492 591
133 3 6 3 7 4. 00 578.1 10 65.1024 473 687
134 4 6 3 7 4. 00 523 . 6 10 86.8437 303 634
135 5 6 3 7 4. 00 653.6 10 51.8378 578 730
136 1 7 3 7 4.58 510.1 10 20.6637 484 541
137 2 7 3 7 4. 58 569. 4 10 27.2772 515 611
138 3 7 3 7 4.58 556.1 10 41.7997 488 605
139 4 7 3 7 4.58 490. 0 10 39.8135 441 542
140 5 7 3 7 4.58 625. 7 10 13.8006 539 64 5
141 1 1 3 8 3.00 470. 1 10 7.6659 455 478
142 2 1 3 8 3. 00 513.0 10 42.7083 437 574
Cont'd
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Mean Performance Tirae(Msec) for Each Subject in STUDY I
OBS SUB CONF ID ANG H PTMEAN N SD MIN MAX
143 3 1 3 8 3.00 488. 5 10 20.0180 462 519
144 4 1 3 8 3.00 561. 7 10 25.7253 513 594
145 5 1 3 8 3.00 595 . 5 10 32.9655 530 625
146 1 4 3 8 4.00 469.5 10 24.8428 425 501
147 2 4 3 8 4.00 567 . 0 10 19.1427 539 599
148 3 4 3 8 4.00 579 . 7 10 41.3254 499 631
149 4 4 3 8 4.00 555.4 10 41.8574 469 615
150 5 4 3 8 4. 00 639 . 9 10 40.2919 576 696
151 1 6 3 8 4.00 502. 1 10 16.7163 476 522
152 2 6 3 8 4.00 629 . 0 10 52.3344 560 727
153 3 6 3 8 4.00 560.6 10 36.8969 491 621
154 4 6 3 8 4.00 598. 1 10 52.2376 515 683
155 5 6 3 8 4. 00 659.6 10 31.9694 604 702
156 1 7 3 8 4.58 521. 0 10 9.8319 508 535
157 2 7 3 8 4.58 629 . 4 10 44.7467 567 693
158 3 7 3 8 4.58 659.7 10 57.4883 590 780
159 4 7 3 8 4.58 565.6 10 38.5752 496 622
160 5 7 3 8 4.58 686. 9 10 31.3987 607 721
161 1 2 4 1 3. 00 556.8 10 15.4690 538 575
162 2 2 4 1 3. 00 563.7 10 18.3063 518 578
163 3 2 4 1 3.00 587 .8 10 16.7717 558 609
164 4 2 4 1 3 . 00 645. 6 10 22.7019 617 675
165 5 2 4 1 3. 00 721. 6 10 13.5745 696 740
166 1 4 4 1 4. 00 615. 3 10 28.7365 554 649
167 2 4 4 1 4. 00 615.2 10 13.3233 602 646
168 3 4 4 1 4.00 610.5 10 19 .8844 574 635
169 4 4 4 1 4. 00 629 . 0 10 36.7181 560 667
170 5 4 4 1 4.00 711.4 10 16.8931 675 730
171 1 5 4 1 4. 00 598.8 10 12.2002 567 610
172 2 5 4 1 4. 00 627 . 3 10 20.6562 590 656
173 3 5 4 1 4.00 614.2 10 21.4725 573 639
174 4 5 4 1 4 .00 634 . 8 10 21.2906 605 662
175 5 5 4 1 4. 00 767.8 10 25.9007 723 798
176 1 7 4 1 4.58 624. 6 10 14.4160 606 647
177 2 7 4 1 4.58* 643.6 10 23.3914 600 674
178 3 7 4 1 4.58 617.8 10 20.5794 587 657
179 4 7 4 1 4. 58 601. 6 10 44.0787 518 649
180 5 7 4 1 4.58 748 . 8 10 32.8931 707 796
181 1 2 4 2 3.00 572.2 10 25.2446 524 610
182 2 2 4 2 3. 00 610. 1 10 50.7859 531 666
183 3 2 4 2 3 . 00 627 . 2 10 20.9380 599 656
184 4 2 4 2 3.00 690.5 10 9.6982 673 706
185 C O4. 4 2 AO . U KJ 7 6 3.3 10 32.6940 691 801
186 1 4 4 2 4. 00 608. 5 10 24.1166 577 657
187 2 4 4 2 4 . 00 637 . 3 10 27.4633 594 680
188 3 4 4 2 4 . 00 636. 1 10 27.1557 585 668
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1 5 1
Mean Performance Time(Msec) for Each Subject in STUDY I
OBS SUB CONF ID ANG H PTMEAN N SD MIN MAX
189 4 4 4 2 4.00 654.4 10 22.6676 624 689
190 5 4 4 2 4. 00 723.3 10 33.2668 661 761
191 1 5 4 2 4.00 598.7 10 20.1497 566 622
192 2 5 4 2 4. 00 638. 9 10 29 .5163 591 678
193 3 5 4 2 4 . 00 627 . 6 10 32.7760 589 687
194 4 5 4 2 4. 00 578.5 10 43.8615 538 663
195 5 5 4 2 4.00 815.0 10 42.0264 728 865
196 1 7 4 2 4.58 621. 8 10 20.9857 588 652
197 2 7 4 2 4.58 669 .0 10 28.8906 606 699
198 3 7 4 2 4.58 625.4 10 30 . 8012 581 669
199 4 7 4 2 4.58 598.2 10 50.5191 515 654
200 5 7 4 2 4.58 763.4 10 29.1212 708 809
201 1 2 4 3 3. 00 519 . 0 10 10.0885 499 530
202 2 2 4 3 3.00 521.8 10 25.6853 469 545
203 3 2 4 3 3.00 544. 5 10 14.9090 524 568
204 4 2 4 3 3.00 605. 4 10 19.7664 562 629
205 5 2 4 3 3. 00 704.7 10 18.3003 658 721
206 1 4 4 3 4. 00 564. 2 10 17.0346 532 581
207 2 4 4 3 4. 00 586. 4 10 16 . 9260 558 610
208 3 4 4 3 4.00 574. 1 10 33.7917 523 618
209 4 4 4 3 4.00 605 . 5 10 21.4074 583 649
210 5 4 4 3 4.00 666. 5 10 28.1198 616 695
211 1 5 4 3 4.00 556. 7 10 11.814 544 573
212 2 5 4 3 4 . 00 588. 6 10 25.587 553 611
213 3 5 4 3 4.00 584 . 5 10 11.168 566 599
214 4 5 4 3 4 . 00 547. 6 10 90.406 297 600
215 5 5 4 3 4.00 710. 1 10 27.246 660 751
216 1 7 4 3 4.58 556. 9 10 12.732 533 572
217 2 7 4 3 4.58 616.8 10 14.022 588 631
2 18 3 7 4 3 4.58 573 . 7 10 21.853 536 601
219 4 7 4 3 4.58 550.0 10 21.960 509 575
220 5 7 4 3 4.58 739 .4 10 23.315 685 763
221 1 2 4 4 3.00 504. 7 10 9.286 488 516
222 2 2 4 4 3. 00 507. 8 10 11.764 488 530
223 3 2 4 4 3.00 518.2 10 29.291 459 551
224 4 2 4 4 3. 00 610.5 10 25.233 570 645
225 5 2 4 4 3.00 695.6 10 14.516 670 716
226 1 4 4 4 4.00 528. 1 10 16.065 507 548
227 2 4 4 4 4.00 555.2 10 12.630 539 577
228 3 4 4 4 4.00 571. 2 10 35.156 509 628
229 4 4 4 4 4. 00 578.9 10 18.508 550 598
230 5 4 4 4 4.00 662 .0 10 19.050 628 680
231 1 5 4 4 4.00 521. 6 10 14.183 489 536
2 3 2 2 5 L 4 4 . 00 579.4 1.0 22-834 537 611
233 3 5 4 4 4.00 547. 7 10 20.902 510 578
234 4 5 4 4 4. 00 556.2 10 28.425 520 590
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Mean P e r formance Time(Msec) for Each Subject in STUDY I
OBS SUB CONF ID ANG H PTMEAN N SD MIN MAX
235 5 5 4 4 4.00 697 . 3 10 27.853 644 733
236 1 7 4 4 4. 58 549 . 0 10 27.657 487 585
237 2 7 4 4 4.58 620.4 10 21.986 586 658
238 3 7 4 4 4.58 575. 6 10 26.713 536 612
239 4 7 4 4 4. 58 566.0 10 21.271 528 593
240 5 7 4 4 4.58 739 . 8 10 42.851 660 789
241 1 2 4 5 3. 00 490. 3 10 8. 125 473 499
242 2 2 4 5 3 . 00 512.0 10 12.561 486 530
243 3 2 4 5 3. 00 506.0 10 20.094 471 534
244 4 2 4 5 3. 00 585. 3 10 40.067 518 646
245 5 2 4 5 3.00 689 . 4 10 16.514 654 709
246 1 4 4 5 4.00 518.0 10 20.688 489 549
247 2 4 4 5 4. 00 578.3 10 23.636 546 611
248 3 4 4 5 4.00 580. 7 10 45.923 498 639
249 4 4 4 5 4. 00 587. 7 10 22.534 553 631
250 5 4 4 5 4. 00 689. 6 10 46.409 595 780
251 1 5 4 5 4. 00 520.8 10 14.876 492 535
252 2 5 4 5 4.00 606. 1 10 34.783 541 643
253 3 5 4 5 4.00 570.9 10 24.452 518 592
254 4 5 4 5 4. 00 590. 2 10 42.313 538 646
255 5 5 4 5 4. 00 717.0 10 30.779 672 763
256 1 7 4 5 4.58 520. 3 10 23.109 461 540
257 2 7 4 5 4.58 603. 5 10 21.361 556 625
258 3 7 4 5 4.58 550. 8 10 18.540 514 569
259 4 7 4 5 4. 58 543.4 10 29.281 472 576
260 5 7 4 5 4.58 720. 3 10 29.590 684 761
261 1 2 4 6 3 . 00 489 . 9 10 15.000 457 506
262 2 2 4 6 3.00 506 . 8 10 28.291 475 563
263 3 2 4 6 3.00 528 . 9 10 15.631 498 544
264 4 2 4 6 3.00 534. 2 10 114.911 307 623
265 5 2 4 6 3. 00 699 . 7 10 18.797 675 725
266 1 4 4 6 4.00 507 . 8 10 13.823 481 525
267 2 4 4 6 4.00 556.4 10 19.483 521 594
268 3 4 4 6 4.00 573.5 10 17.290 545 604
269 4 4 4 6 4.00 565.6 10 18.014 538 585
270 5 4 4 6 4.00 662 . 9 10 20.814 633 691
271 1 5 4 6 4. 00 512.5 10 12.704 482 528
272 2 5 4 6 4. 00 590. 6 10 15.721 568 611
273 3 5 4 6 4. 00 572 . 2 10 2 3 . Oil 529 604
274 4 5 4 6 4. 00 564 . 8 10 24.165 530 609
275 5 5 4 6 4.00 708.4 10 31.224 653 744
276 1 7 4 6 4.58 544.4 10 20.538 516 577
277 2 7 4 6 4.58 636.1 10 24.610 607 683
278 3 7 4 6 4.58 562 . 3 10 16.118 530 583
279 4 7 4 6 4.58 544.2 10 39.293 466 580
280 5 7 4 6 4.58 730.4 10 53.421 615 779
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Mean Perfo r m a n c e  Time(Msec) for Each Subject in STUDY I
OBS SUB CONF ID ANG H PTMEAN N SD MIN MAX
281 1 2 4 7 3.00 499 . 4 10 9. 582 484 513
282 2 2 4 7 3. 00 527 . 4 10 18.222 491 548
283 3 2 4 7 3.00 534. 9 10 25.658 507 597
284 4 2 4 7 3.00 617.7 10 53.664 538 688
285 5 2 4 7 3. 00 695.1 10 34.854 644 757
286 1 4 4 7 4. 00 507. 4 10 21.675 468 531
287 2 4 • 4 7 4 . 00 564.2 10 23.541 517 599
288 3 4 4 7 4.00 599.9 10 44.145 526 651
289 4 4 4 7 4. 00 551. 8 10 52.474 492 640
290 5 4 4 7 4.00 698.9 10 96.977 590 864
291 1 5 4 7 4.00 499 . 2 10 15.950 474 520
292 2 5 4 7 4.00 591. 7 10 36.249 541 662
293 3 5 4 7 4. 00 587. 7 10 54.142 520 702
294 4 5 4 7 4. 00 577. 8 10 38.904 524 651
295 5 5 4 7 4.00 740. 1 10 48.340 660 808
296 1 7 4 7 4.58 507 . 7 10 19.850 470 528
297 2 7 4 7 4.58 622. 2 10 32.458 579 687
298 3 7 4 7 4.58 580. 1 10 31.385 536 639
299 4 7 4 7 4.58 548.4 10 19.438 521 576
300 5 7 4 7 4.58 698.5 10 35.725 650 763
301 1 2 4 8 3.00 548 . 4 10 15.211 525 566
302 2 2 4 8 3.00 579.9 10 45.996 485 626
303 3 2 4 8 3.00 589.0 10 26.583 543 621
304 4 2 4 8 3.00 640. 4 10 51.545 547 720
305 5 2 4 8 3. 00 726. 5 10 15.020 698 742
306 1 4 4 8 4 . 00 556.3 10 33.453 498 603
307 2 4 4 8 4.00 632.0 10 41.923 572 696
308 3 4 4 8 4 . 00 661. 0 10 60.930 589 769
309 4 4 4 8 4. 00 673. 1 10 30.878 635 723
310 5 4 4 8 4. 00 763 . 5 10 57.091 698 859
311 1 5 4 8 4 . 00 596.0 10 23.075 566 633
312 2 5 4 8 4 .00 717.0 10 66.476 591 793
313 3 5 4 8 4. 00 705 . 1 10 96.932 608 863
314 4 5 4 8 4. 00 942 . 7 10 182.089 583 1097
315 5 5 4 8 4.00 837 . 2 10 59.555 740 909
3 16 1 7 4 8 4.58 628 . 0 10 32.476 584 693
317 2 7 4 8 4.58 749 . 1 10 86.593 669 911
318 3 7 4 8 4.58 697. 5 10 138.346 560 956
319 4 7 4 8 4.58 767 . 9 10 224.351 587 1314
320 5 7 4 8 4.58 871.4 10 72.688 768 977
321 1 3 5 1 3.00 742. 7 10 20. Ill 693 767
322 2 3 5 1 3. 00 808. 5 10 24.414 764 832
323 3 3 5 1 3.00 900. 9 10 85.217 774 1024
3 2 4 4 C 1X o nnJ • uu 728 . 7 10 21.177 < A 1OOl 753
325 5 3 5 1 3.00 998.7 10 31.735 936 1039
326 1 5 5 1 4.00 779 .5 10 17.450 748 804
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1 5 4
Mean P e rformance Time(Msec) for Each Subject in STUDY I
OBS SUB CONF ID ANG H PTMEAN N SD MIN MAX
327 2 5 5 1 4. 00 768. 6 10 17.219 738 798
328 3 5 5 1 4. 00 825 . 8 10 49.632 745 895
329 4 5 5 1 4. 00 753. 0 10 37.668 688 788
330 5 5 5 1 4 . 00 990.0 10 51.029 866 1048
331 1 6 5 1 4.00 725 . 7 10 16.077 689 749
332 2 6 5 1 4. 00 774. 7 10 26.936 720 803
333 3 6 5 1 4. 00 887. 9 10 54.425 788 954
334 4 6 5 1 4.00 769 . 4 10 41.852 684 819
335 5 6 5 1 4. 00 998. 3 10 45. 658 914 1071
336 1 7 5 1 4. 58 748.4 10 29.587 678 778
337 2 7 5 1 4.58 770.4 10 139 . 288 381 843
338 3 7 5 1 4.58 784 . 2 10 35.527 724 840
339 4 7 5 1 4.58 727 . 5 10 28.640 664 763
340 5 7 5 1 4.58 1015.0 10 50.473 892 1060
341 1 3 5 2 3 . 00 765.4 10 30.130 719 818
342 2 3 5 2 3.00 1081.6 10 177.017 775 1426
343 3 3 5 2 3.00 846. 2 10 83.539 685 1017
344 4 3 5 2 3.00 792.4 10 143.474 654 1135
345 5 3 5 2 3. 00 1038.8 10 26.297 991 1068
346 1 5 5 2 4.00 788.2 10 28. 708 751 831
347 2 5 5 2 4. 00 1274.2 10 240.970 826 1590
348 3 5 5 2 4 . 00 807 . 6 10 64.528 681 913
349 4 5 5 2 4.00 746.1 10 47.266 687 817
350 5 5 5 2 4.00 1144.2 10 111.228 984 1324
351 1 6 5 2 4.00 735 . 2 10 26.799 682 766
352 2 6 5 2 4 . 00 1052. 5 10 244.532 779 1473
353 3 6 5 2 4.00 947.3 10 121.653 779 1147
354 4 6 5 2 4 .00 827 . 5 10 60.126 721 926
355 5 6 5 2 4. 00 1114.5 10 39.970 1033 1160
356 1 7 5 2 4.58 830. 6 10 51.006 705 881
357 2 7 5 2 4.58 988.8 10 315.305 779 1685
358 3 7 5 2 4.58 929. 5 10 196.376 778 1416
359 4 7 5 2 4.58 833. 0 10 128.554 722 1152
360 5 7 5 2 4. 58 1126.1 10 102.339 997 1278
361 1 3 5 3 3.00 714.3 10 22.331 679 740
362 2 3 5 3 3. 00 949 . 5 10 60.715 843 1019
363 3 3 5 3 3. 00 739 . 1 10 25.000 709 770
364 4 3 5 3 3. 00 659 . 5 10 22.077 628 691
365 5 3 5 3 3.00 976.7 10 13.191 960 996
366 1 5 5 3 4. 00 751 . 4 10 25.696 701 779
367 2 5 5 3 4 . 00 935. 9 10 170.077 700 1167
368 3 5 5 3 4 . 00 778.2 10 42.232 706 825
369 4 5 5 3 4. 00 740.0 10 19.788 712 771
370 5 5 5 3 4.00 1070.6 10 74.275 964 1190
371 1 6 5 3 4. 00 725. 2 10 35.904 669 775
372 2 6 5 3 4 . 00 917.7 10 119.998 794 1105 
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1 5 5
Mean Perfo r m a n c e  Time(Msec) for Each Subject in STUDY I
OBS SUB CONF ID ANG H PTMEAN N SD MIN MAX
3 73 3 6 5 3 4. 00 918.7 10 105.593 746 1079
374 4 6 5 3 4. 00 791. 1 10 29.528 736 833
375 5 6 5 3 4.00 1144.6 10 114.843 1011 1378
376 1 7 5 3 4.58 799 . 5 10 30.945 741 823
377 2 7 5 3 4.58 986.0 10 130.299 813 1167
378 3 7 5 3 4. 58 859.2 10 90.286 715 988
379 4 7 5 3 4.58 792 . 7 10 99.475 684 994
380 5 7 5 3 4. 58 1169.8 10 87.229 1050 1315
381 1 3 5 4 3.00 718.0 10 51 . 773 598 782
382 2 3 5 4 3. 00 890. 9 10 47.683 817 964
383 3 3 5 4 3 . 00 741.2 10 51.199 678 832
384 4 3 5 4 3.00 657 . 4 10 36.655 614 741
385 5 3 5 4 3. 00 963 . 8 10 40.524 920 1031
386 1 5 5 4 4.00 721.7 10 18.809 692 745
387 2 5 5 4 4. 00 853 . 5 10 83.144 735 992
388 3 5 5 4 4 . 00 757 . 9 10 36.883 714 816
389 4 5 5 4 4. 00 722.2 10 23.555 685 749
390 5 5 5 4 4 . 00 1016.2 10 39.866 967 1086
391 1 6 5 4 4 . 00 693. 9 10 22.985 659 718
392 2 6 5 4 4. 00 964 . 3 10 86.451 819 1068
393 3 6 5 4 4.00 867 . 6 10 83 . 116 776 1026
394 4 6 5 4 4. 00 825 . 1 10 60.101 738 910
395 5 6 5 4 4.00 1109 . 1 10 73.837 1017 1218
396 1 7 5 4 4.58 766 .7 10 24.180 720 794
397 2 7 5 4 4.58 872 . 7 10 80.192 746 981
398 3 7 5 4 4.58 746 . 6 10 29.722 676 781
399 4 7 5 4 4. 58 706 . 6 10 41.756 649 766
400 5 7 5 4 4.58 1130.0 10 86.230 932 1220
401 1 3 5 5 3 . 00 647.1 10 23.264 604 675
402 2 3 5 5 3.00 812.2 10 26.570 780 843
403 3 3 5 5 3.00 707 . 2 10 28.276 652 736
404 4 3 5 5 3.00 633. 1 10 26.644 584 662
405 5 3 5 5 3.00 928 . 2 10 36.181 868 985
406 1 5 5 5 4. 00 662 . 2 10 20.660 632 690
407 2 5 5 5 4.00 842. 7 10 77.806 733 954
408 3 5 5 5 4.00 739 . 7 10 72.222 617 823
409 4 5 5 5 4.00 723 . 6 10 51.675 604 773
410 5 5 5 5 4.00 980. 1 10 84.756 859 1167
411 1 6 5 5 4 .00 666 . 4 10 27.322 634 706
412 2 6 5 5 4.00 859 . 1 10 69.737 775 963
413 3 6 5 5 4.00 855 . 6 10 122.805 631 998
414 4 6 5 5 4. 00 729 . 9 10 54.759 599 771
415 5 6 5 5 4.00 102 9.5 10 91.711 911 1175
416 1 7 5 5 4.58 742 . 6 10 34.606 709 809
417 2 7 5 5 4.58 941 . 3 10 201.690 700 1437
418 3 7 5 5 4.58 807 . 7 10 181.534 673 1186
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1 5 6
Mean P e r formance Time(Msec) for Each Subject in STUDY I
OBS SUB CONF ID ANG H PTMEAN N SD MIN MAX
419 4 7 5 5 4.58 774.2 10 155.625 637 1140
420 5 7 5 5 4.58 1239 . 3 10 281.499 902 1644
421 1 3 5 6 3. 00 635 . 3 10 18 .294 598 656
422 2 3 5 6 3.00 876.0 10 61. 156 748 951
423 3 3 5 6 3. 00 699 .5 10 54.533 619 781
424 4 3 5 6 3. 00 623. 2 10 33.783 569 676
425 5 3 5 6 3. 00 936 . 5 10 25 . 229 904 973
426 1 5 5 6 4.00 633. 1 10 9.712 613 645
427 2 5 5 6 4. 00 793 . 9 10 34 . 892 710 833
428 3 5 5 6 4.00 749 . 2 10 37.812 679 788
429 4 5 5 6 4.00 721.8 10 77 . 461 547 820
430 5 5 5 6 4. 00 946 . 4 10 26.328 925 1017
431 1 6 5 6 4.00 673 .4 10 21.650 630 704
432 2 6 5 6 4. 00 905. 2 10 103.741 756 1043
433 3 6 5 6 4.00 876.3 10 73.100 745 981
434 4 6 5 6 4.00 808. 9 10 58.951 719 887
435 5 6 5 6 4 . 00 964. 8 10 46.380 873 1043
436 1 7 5 6 4. 58 692 . 5 10 20.414 653 726
437 2 7 5 6 4.58 845. 8 10 56.340 765 920
438 3 7 5 6 4.58 789 . 8 10 61.863 681 878
439 4 7 5 6 4.58 693. 1 10 26.593 657 732
440 5 7 5 6 4.58 997 . 1 10 37.459 936 1045
441 1 3 5 7 3 . 00 637 . 9 10 23.449 605 672
442 2 3 5 7 3.00 942. 5 10 64 .813 842 1052
443 3 3 5 7 3 . 00 739 . 4 10 84.913 644 921
444 4 3 5 7 3. 00 691. 1 10 76.215 587 843
445 5 3 5 7 3.00 961. 7 10 49.971 886 1026
446 1 5 5 7 4. 00 646 . 5 10 27.589 598 688
447 2 5 5 7 4.00 965 . 5 10 248.486 731 1436
448 3 5 5 7 4 . 00 773 . 9 10 87.080 667 916
449 4 5 5 7 4 . 00 744 . 4 10 69 . 350 659 844
450 5 5 5 7 4 . 00 1017 . 5 10 112.471 869 1240
451 1 6 5 7 4.00 661 . 9 10 22.298 626 689
452 2 6 5 7 4. 00 1034 . 3 10 170.961 753 1321
453 3 6 5 7 4.00 929 .0 10 134.916 775 1166
454 4 6 5 7 4 . 00 739 .8 10 70.671 596 836
455 5 6 5 7 4. 00 1140.4 10 287.417 886 1835
456 1 7 5 7 4 . 58 671. 6 10 34.151 635 728
457 2 7 5 7 4. 58 939 . 0 10 146.705 778 1154
458 3 7 5 7 4.58 751 . 1 10 98.786 618 954
459 4 7 5 7 4.58 831. 1 10 207.353 653 1239
460 5 7 5 7 4.58 1031.5 10 171.804 896 1451
461 1 3 5 8 3.00 659 . 9 10 26.702 614 702
462 2 3 5 8 3 . 00 1056.9 10 126.251 864 1200
463 3 3 5 8 3 . 00 879 . 2 10 122.376 673 1030
464 4 3 5 8 3 . 00 759 . 4 10 85.177 644 908
465 5 3 5 8 3 . 00 1125.7 10 123.452 958 1287
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1 5 7
Mean P e r formance Time(Msec) for Each Subject in STUDY I
OBS SUB CONF ID ANG H PTMEAN N SD MIN MAX
466 1 5 5 8 4. 00 658. 1 10 34.122 595 698
467 2 5 5 8 4. 00 1021.0 10 127.428 783 1154
468 3 5 5 8 4. 00 824. 1 10 102.817 682 989
469 4 5 5 8 4 . 00 912.5 10 111.775 675 1072
470 5 5 5 8 4.00 963 . 0 10 59.963 846 1032
471 1 6 5 8 4. 00 649 . 0 10 14.870 628 675
472 2 6 5 8 4.00 823 . 0 10 61.783 742 917
473 3 6 5 8 4.00 954 . 4 10 187.074 630 1126
474 4 6 5 8 4 . 00 727 . 9 10 32.206 677 782
475 5 6 5 8 4.00 1014 . 9 10 53.426 939 1088
476 1 7 5 8 4. 58 695 . 7 10 37.053 641 765
477 2 7 5 8 4. 58 978 . 3 10 133.788 824 1274
478 3 7 5 8 4.58 932. 7 10 132 .813 752 1128
479 4 7 5 8 4.58 842.4 10 128.900 606 986
480 5 7 5 8 4.58 1007 . 2 10 74.762 931 1149
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Appendix F .2
HEART RATE VARIABILTY VALUES FOR EACH SUBJECT
STUDY I
OBS SUB CONF HRV
1 1 1 0. 980
2 1 2 0.878
3 1 3 1.396
4 1 4 0. 947
5 1 5 0.923
6 1 6 1.243
7 1 7 1.035
8 2 1 1.419
9 2 2 1.898
10 2 3 1. 840
11 2 4 1.790
12 2 5 1.830
13 2 6 2.030
14 2 7 1.400
15 3 1 1.158
16 3 2 1. 606
17 3 3 1.423
18 3 4 1.650
19 3 5 1. 730
20 3 6 1.730
21 3 7 1.680
22 4 1 1.614
23 4 2 2.166
24 4 3 2.239
25 4 4 2 .104
26 4 5 3.064
27 4 6 2.845
28 4 7 1.880
29 5 1 2.769
30 5 2 4.183
31 5 3 3.177
32 5 4 3.570
33 5 5 4. 600
34 5 6 3.637
35 5 7 3.320
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A p p e n d i x  F .3 1 5 9
Mean P e r formance Time(Msec) for All Subjects (STUDY II) 
------------------------------ H = 3 B I T S --------------------------------
OBS SUB ID ANG PTMEAN N SD MIN MAX
1 1 3 3 503 . 5 10 11.8907 489 522
2 1 3 4 507. 1 10 24.3969 452 544
3 1 3 5 472 . 1 10 30.7660 404 508
4 1 3 6 458 . 4 10 16.8140 426 481
5 1 4 3 621.6 10 14.9310 589 641
6 1 4 4 594 . 1 10 15 . 8286 573 620
7 1 4 5 589 . 8 10 27.6237 543 637
8 1 4 6 545.0 10 7 . 3030 533 555
9 2 3 3 441.6 10 14.2142 409 455
10 2 3 4 412.9 10 25.5188 379 445
11 2 3 5 390. 1 10 18.5260 366 412
12 2 3 6 394 . 5 10 12.7039 365 407
13 2 4 3 540.8 10 21.2645 496 568
14 2 4 4 492 . 0 10 22.4648 452 521
15 2 4 5 502 . 0 10 22.6667 474 525
16 2 4 6 458.9 10 12.7056 439 481
17 3 3 3 482 . 8 10 24.7198 435 511
18 3 3 4 512. 1 10 41.5035 459 592
19 3 3 5 479.8 10 36.9859 431 545
20 3 3 6 482 . 3 10 26.5039 430 518
21 3 4 3 623. 7 10 22.6375 588 655
22 3 4 4 595.1 10 44.1599 524 669
23 3 4 5 608 . 5 10 64.2136 519 703
24 3 4 6 546. 8 10 23.1987 503 573
25 4 3 3 451. 0 10 44.1764 334 480
26 4 3 4 453 . 6 10 25.9880 407 486
27 4 3 5 473 . 5 10 66.8684 403 630
28 4 3 6 440. 0 10 19.4708 402 473
29 4 4 3 565.0 10 28.7093 528 613
30 4 4 4 533.2 10 31.5094 494 592
31 4 4 5 576.0 10 85.1378 473 790
32 4 4 6 492 .3 10 26.6669 458 535
33 5 3 3 442.0 10 11.4407 423 462
34 5 3 4 424 . 8 10 21.0861 400 462
35 5 3 5 423. 7 10 27.5118 374 462
36 5 3 6 429 . 8 10 22 . 2900 395 458
37 5 4 3 498. 1 10 17.5274 467 518
38 5 4 4 471.2 10 18.0111 445 507
39 5 4 5 506. 0 10 26 .6124 460 548
40 5 4 6 468.7 10 11.4314 445 482
41 rU 3 j 432. 5 10 5.8547 42 2 441
42 6 3 4 434 . 3 10 26.6627 395 469
43 6 3 5 435.0 10 22.2661 409 487
44 6 3 6 427 . 8 10 11.3216 414 445
45 6 4 3 504. 8 10 19.8091 472 539
46 6 4 4 492 . 7 10 19.2010 472 536
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1 6 0
Mean Performance T i m e ( M s e c ) for All Subjects (STUDY II)
OBS SUB ID ANG PTMEAN N SD MIN MAX
47 6 4 5 482 . 1 10 16 .8619 452 501
48 6 4 6 461.0 10 12.1106 440 479
49 7 3 3 513.8 10 25.4200 454 539
50 7 3 4 525 .1 10 27.5457 467 555
51 7 3 5 537 . 9 10 40.6897 502 641
52 7 3 6 505 . 3 10 18.3185 473 535
53 7 4 3 598. 7 10 25 . 2589 551 630
54 7 4 4 590.4 10 24.1302 554 629
55 7 4 5 582. 7 10 45.9058 485 655
56 7 4 6 566.5 10 14.1676 541 582
57 8 3 3 471 . 9 10 20.0081 445 503
58 8 3 4 473 . 1 10 16.2238 458 508
59 8 3 5 476.4 10 32.4763 412 524
60 8 3 6 459.4 10 37.5742 406 509
61 8 4 3 531.4 10 18.8633 505 560
62 8 4 4 532. 1 10 14.9848 503 560
63 8 4 5 555.4 10 62.8706 491 660
64 8 4 6 508 . 7 10 19.0207 484 532
_ _ __ _ IJ j. *} CO RTTQ--.D I ID
65 1 3 3 540.6 10 19.5914 507 560
66 1 3 4 512.3 10 21.8075 467 544
67 1 3 5 505.4 10 9.6517 484 519
68 1 3 6 462 . 2 10 25.8061 423 487
69 1 4 3 609 . 5 10 24.8070 565 641
70 1 4 4 586.2 10 12.0904 559 603
71 1 4 5 572 . 3 10 15.9656 542 599
72 1 4 6 563 . 9 10 43.0102 488 629
73 2 3 3 441.0 10 17.2305 406 463
74 2 3 4 415.1 10 22.4769 369 442
75 2 3 5 400. 9 10 13.3953 379 418
76 2 3 6 389.0 10 17.1140 354 410
77 2 4 3 518 . 7 10 21.9598 486 541
78 2 4 4 477 .1 10 14 . 6322 443 495
79 2 4 5 457.5 10 15.9391 425 481
80 2 4 6 489 . 0 10 36.7333 448 580
81 3 3 3 548. 5 10 18.0015 519 567
82 3 3 4 516.8 10 14. 1798 501 540
83 3 3 5 508. 6 10 19.9176 473 534
84 3 3 6 486. 2 10 20.4657 446 510
85 3 4 3 641.7 10 37 . 1096 591 697
86 3 4 4 591 . 6 10 20.4353 553 624
87 3 4 5 595.9 10 35 . 1076 536 637
88 3 4 6 581 . 5 10 15 . 8833 549 603
89 4 3 3 510.8 10 20.2364 474 531
90 4 3 4 501 . 2 10 18 . 3957 474 526
91 4 3 5 483 . 6 10 13.1250 465 502
92 4 3 6 473 .5 10 8.2496 454 482
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1 6 1
Mean Performance T i m e ( M s e c ) for All Subjects (STUDY II)
OBS SUB ID ANG PTMEAN N SD MIN MAX
93 4 4 3 625 . 2 10 23.7571 581 657
94 4 4 4 572 . 2 10 22.0141 521 596
95 4 4 5 563.7 10 24 . 2031 521 597
96 4 4 6 541 . 1 10 28.2192 493 578
97 5 3 3 534 . 6 10 5. 5217 525 540
98 5 3 4 519.0 10 13 . 1487 494 538
99 5 3 5 528 . 0 10 15 . 4416 505 545
100 5 3 6 535 .4 10 9. 1311 523 549
101 5 4 3 587 . 8 10 10.6019 565 599
102 5 4 4 567 .3 10 17 . 6387 532 583
103 5 4 5 559 . 7 10 9.3220 546 572
104 5 4 6 581. 1 10 14.0036 566 612
105 6 3 3 418.0 10 12. 1564 398 435
106 6 3 4 404 . 5 10 11 . 9000 390 419
107 6 3 5 402. 6 10 9.8455 383 413
108 6 3 6 410.5 10 10.9975 395 425
109 6 4 3 475.6 10 12. 1308 461 497
1 10 6 4 4 446. 7 10 13.0729 427 462
111 6 4 5 453.9 10 8. 0340 438 463
112 6 4 6 467 . 0 10 25.0777 439 521
113 7 3 3 483 . 3 10 16.3846 459 502
114 7 3 4 461. O’ 10 20.8487 423 492
115 7 3 5 460.5 10 22.8485 435 492
1 16 7 3 6 457 .4 10 14.0965 432 477
117 7 4 3 566.9 10 21.2731 530 589
118 7 4 4 533.0 10 15.6276 508 555
119 7 4 5 521. 5 10 14.7742 492 537
120 7 4 6 534 . 6 10 33.4438 495 590
121 8 3 3 464.0 10 13.8804 439 480
122 8 3 4 457 . 4 10 9.6747 445 473
123 8 3 5 437 .0 10 13.2330 417 462
124 8 3 6 484 . 2 10 16.4776 449 503
125 8 4 3 527 . 9 10 24.1083 491 554
126 8 4 4 501. 0 10 14 . 3914 482 525
127 8 4 5 511.6 10 18 . 1120 478 538
128 8 4 6 564 . 6 10 39.0333 506 623
H = 4 BITS
1 29 3 3 494 . 5 10 11.3260 474 508
130 3 4 463 . 9 10 19 . 1859 435 490
131 3 5 435 . 6 10 19 . 8282 394 453
132 3 6 458.8 10 11.8584 439 475
133 4 3 570.0 10 14.8623 547 595
134 4 4 565 . 2 10 22.9773 515 591
135 4 5 531.9 10 19 . 0406 492 558
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Mean P e rformance T i m e ( M s e c ) for All Subj ects (STUDY
16;
II)
OBS SUB ID ANG PTMEAN N SD MIN MAX
136 1 4 6 519. 7 10 21.6644 478 544
137 2 3 3 499. 9 10 26.0574 455 522
138 2 3 4 454.3 10 22.7061 415 486
139 2 3 5 448 . 0 10 10.6875 438 474
140 2 3 6 433. 5 10 16.8539 411 454
141 2 4 3 592 . 0 10 29.4468 546 636
142 2 4 4 593 . 3 10 37.3781 548 643
143 2 4 5 551.2 10 16.9299 525 575
144 2 4 6 537 . 6 10 33.3007 483 586
145 3 3 3 523 . 9 10 29.0534 477 560
146 3 3 4 520.0 10 15.9931 494 546
147 3 3 5 450.3 10 70.3926 314 505
148 3 3 6 500 . 9 10 11.9206 478 515
149 3 4 3 629. 2 10 35.5490 562 672
150 3 4 4 671 . 4 10 72.1529 525 770
151 3 4 5 604 . 6 10 27.1260 565 644
152 3 4 6 598.1 10 32.6988 521 624
153 4 3 3 571.0 10 18.3787 535 597
154 4 3 4 544. 7 10 16 . 8262 520 565
155 4 3 5 538. 7 10 18.7145 491 554
156 4 3 6 521.1 10 20.3549 479 546
157 4 4 3 668.7 10 30.6524 624 702
1 58 4 4 4 642. 6 10 43.6175 593 726
159 4 4 5 611.5 10 16.6483 582 632
160 4 4 6 599 . 5 10 12.3491 573 615
161 5 3 3 514.2 10 13.3816 490 528
162 5 3 4 501 . 2 10 8.2165 489 511
163 5 3 5 485.4 10 11.6638 463 498
164 5 3 6 491.7 10 13.6060 455 502
165 5 4 3 572 . 9 10 11.9019 547 587
166 5 4 4 561.1 10 16.0170 540 595
167 5 4 5 544. 7 10 18.6014 500 566
168 5 4 6 544. 9 10 13.8600 514 559
169 6 3 3 423 . 9 10 18.3935 392 448
170 6 3 4 424 . 2 10 9.7957 407 436
171 6 3 5 412.9 10 13.9400 389 428
172 6 3 6 415.6 10 14.7814 387 433
173 6 4 3 512.8 10 18.5221 477 536
174 6 4 4 515.5 10 25.0655 475 546
175 6 4 5 482 . 2 10 14.0776 458 503
176 6 4 6 476.6 10 18 . 7154 444 506
1-7 7 7 3 3 494 . 2 10 20.0488 449 510
178 7 3 4 457 . 4 10 19.4662 429 484
179 7 3 5 454. 5 10 17 . 5831 420 471
180 7 3 6 449 . 1 10 14.0906 434 469
181 7 4 3 559 . 7 10 21.6079 521 594
182 7 4 4 555.4 10 24.9096 518 592
183 7 4 5 529 . 9 10 19.9469 491 547
184 7 4 6 522 . 6 10 12.3666 496 539
185 8 3 3 498.1 10 19.3990 472 523
186 8 3 4 465.5 10 10.3843 451 480
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1 6 3
Mean Performance Time(Msec) for All Subjects (STUDY II)
OBS SUB ID ANG PTMEAN N SD MIN MAX
187 8 3 5 460.0 10 17.2691 425 480
188 8 3 6 474.1 10 16.3534 432 487
189 8 4 3 585 . 0 10 29.8068 539 632
190 8 4 4 577.2 10 36. 5720 501 615
191 8 4 5 525 .8 10 12.3450 506 538
192 8 4 6 538 . 0 10 16 . 3843 516 563
_ u«y. 17 d t t q -oil J
OBS SUB ID ANG PTMEAN N SD MIN MAX
193 1 3 3 502 . 2 10 18.0358 470 522
194 1 3 4 470.5 10 20.5872 423 490
195 1 3 5 474.7 10 20.9870 437 495
196 1 3 6 488. 8 10 20.4548 442 510
197 1 4 3 554. 5 10 8.7337 542 568
198 1 4 4 545.6 10 11.8622 529 571
199 1 4 5 524 . 2 10 18.4017 498 543
200 1 4 6 498. 1 10 20.4855 455 518
201 2 3 3 470.4 10 18.4463 437 495
202 2 3 4 456.0 10 13.0128 427 475
203 2 3 5 418.2 10 23.4037 396 463
204 2 3 6 466.0 10 86.7038 415 708
205 2 4 3 561 . 3 10 22.7745 528 585
206 2 4 4 556. 7 10 30.2693 508 593
207 2 4 5 510.0 10 39.9110 449 561
208 2 4 6 473. 7 10 27.0967 417 516
209 3 3 3 603. 5 10 12.6864 582 617
210 3 3 4 592 . 7 10 17.7767 570 622
211 3 3 5 559.0 10 20.7472 529 596
212 3 3 6 594 . 2 10 28.0626 551 641
213 3 4 3 713.5 10 21.2407 682 744
214 3 4 4 742.5 10 39.0562 657 796
2 15 3 4 5 708 . 0 10 30.7246 648 743
216 3 4 6 655.3 10 17.2501 632 689
217 4 3 3 566.6 10 13.2262 548 582
218 4 3 4 539 . 9 10 12.1239 513 555
219 4 3 5 534.5 10 17.6147 504 552
220 4 3 6 544.7 10 34.0002 496 603
221 4 4 3 649 . 5 10 10.9671 630 665
222 4 4 4 645.9 10 39.1080 602 733
223 4 4 5 605 . 0 10 28.6201 574 650
224 4 4 6 570.4 10 8.5010 555 581
225 5 3 3 523.9 10 14.82 83 c rv i 546
226 5 3 4 508. 8 10 13.8468 491 527
227 5 3 5 482 . 9 10 27.7507 443 513
228 5 3 6 514.9 10 32.0363 461 568
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1 6 4
Mean P e rformance Time(Hsec) for All Subjects (STUDY II)
OBS SUB I D ANG PTMEAN N SD MIN MAX
229 5 4 3 563 . 5 10 1 8 . 0 9 3 9 539 589
2 30 5 4 4 554 . 7 10 2 0 . 8 3 8 3 514 585
231 5 4 5 539 . 3 10 3 3 . 2 9 6 8 490 589
232 5 4 6 5 1 6 . 1 10 1 4 . 6 9 2 8 492 538
233 6 3 3 509 . 2 10 1 8 . 4 0 1 7 467 534
23 4 6 3 4 473 . 2 10 1 4 . 8 3 0 9 455 495
235 6 3 5 479 . 4 10 18 . 7035 444 506
23 6 6 3 6 494  . 5 10 3 3 . 3 3 4 2 454 551
237 6 4 3 538 . 4 10 1 3 . 9 5 3 9 510 556
238 6 4 4 5 5 5 . 2 10 2 5 . 0 8 1 2 518 596
239 6 4 5 5 3 6 . 2 10 2 4 . 3 2 1 0 489 565
24 0 6 4 6 519 . 5 10 1 0 . 8 6 5 3 504 533
241 7 3 3 4 8 2 .  1 10 1 6 . 5 0 8 9 462 507
24 2 7 3 4 4 7 6 . 9 10 1 3 .  4 5 32 451 492
243 7 3 5 4 7 0 . 4 10 1 3 . 2 1 7 8 447 494
244 7 3 6 494 . 9 10 3 4 . 7 2 9 0 444 533
245 7 4 3 554 . 0 10 1 9 . 8 9 9 7 523 586
24 6 7 4 4 5 6 6 . 3 10 4 2 . 3 6 8 9 505 628
24 7 7 4 5 538 . 3 10 1 2 . 6 4 9 5 525 570
248 7 4 6 526 . 8 10 1 7 . 0 4 1 1 492 552
249 8 3 3 47 9  . 6 10 2 2 . 1 6 2 0 439 511
25 0 8 3 4 4 6 1 .  6 10 1 7 . 3 4 1 0 434 481
251 8 3 5 4 5 5 . 4 10 1 6 . 6 6 8 0 433 486
252 8 3 6 5 0 2 .  9 10 6 1 . 3 4 8 6 430 608
253 8 4 3 553  . 5 10 1 9 . 2 9 4 5 515 573
25 4 8 4 4 5 6 0 .  1 10 5 6 . 0 8 0 2 518 708
25 5 8 4 5 5 4 2 .  3 10 4 8 . 8 3 0 9 503 667
25 6 8 4 6 5 2 0 . 4 10 2 0 . 4 2 9 8 486 541
_ — — TT » A ^ Q o l i o
257 1 3 3 554  . 4 10 2 4 . 0 3 3 3 519 583
258 1 3 4 529 . 6 10 1 4 . 6 0 7 5 512 555
259 1 3 5 5 0 0 .  2 10 17 . 8 5 0 0 464 522
26 0 1 3 6 4 8 5 .  5 10 1 1 . 0 0 7 6 464 497
261 1 4 3 6 1 2 . 4 10 8 . 7 4 5 8 601 628
2 62 1 4 4 6 0 4 .  7 10 2 1 . 1 8 7 3 576 631
263 1' 4 5 577  . 9 10 1 2 . 0 9 6 4 553 592
26 4 1 4 6 561 . 4 10 1 6 . 7 2  12 538 595
26 5 2 3 3 5 1 2 . 5 10 3 6 . 9 2 4 1 457 595
266 2 3 4 483 . 0 10 2 5 . 3 9 0 3 444 509
267 2 3 5 447  . 6 10 2 2 . 2 9 2 0 408 480
26 8 2 3 6 438 . 2 10 1 1 . 4 2 9 0 416 449
269 *? s 3 559 . 5 10 1 2 . 7 9 9 7 527 576
2 70 2 4 4 534  . 0 10 2 4 . 7 9 7 0 494 562
271 2 4 5 4 9 7 .  6 10 1 9 . 0 0 9 9 456 525
272 2 4 6 533  . 3 10 4 2 . 0 6 6 2 444 593
273 3 3 3 6 1 0 . 0 10 2 6 . 6 4 1 7 578 655
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1 6 5
Mean Performance T i m e ( M s e c ) for All Subj ects (STUDY II)
OBS SUB ID ANG PTMEAN N SD MIN MAX
274 3 3 4 569 . 1 10 22.5312 524 605
275 3 3 5 560.8 10 24.5484 521 599
276 3 3 6 552 . 2 10 19.8875 524 584
277 3 4 3 682 . 0 10 40.6010 622 730
278 3 4 4 690 . 9 10 30 . 1568 639 739
279 3 4 5 627 . 6 10 24 . 1532 584 665
280 3 4 6 669 . 0 10 38 . 2971 586 707
281 4 3 3 559 . 4 10 22.8240 518 589
282 4 3 4 524.4 10 21.2770 493 558
283 4 3 5 514.9 10 20.3604 481 545
284 4 3 6 510.8 10 12.7087 484 524
285 4 4 3 627 .2 10 24.8453 592 674
286 4 4 4 624 . 4 10 18.3678 593 654
287 4 4 5 587 . 4 10 13.0486 562 606
288 4 4 6 589. 7 10 21.5254 543 615
289 5 3 3 554. 9 10 23.1442 514 580
290 5 3 4 534.4 10 15.7424 512 552
291 5 3 5 526. 7 10 16.7667 496 550
292 5 3 6 542 . 8 10 13.8468 516 554
293 5 4 3 576.6 10 13 . 5990 546 590
294 5 4 4 581 . 3 10 16.6069 553 602
295 5 4 5 572 . 2 10 8.8669 556 582
296 5 4 6 571 . 0 10 12.8496 552 592
297 6 3 3 526 . 2 10 21.4414 500 566
298 6 3 4 522 . 6 10 17.9332 495 547
299 6 3 5 530.8 10 29.2529 482 569
300 6 3 6 521.9 10 14.9551 492 541
301 6 4 3 566. 0 10 21.5097 518 585
302 6 4 4 557 . 9 10 25.8304 512 584
303 6 4 5 544. 1 10 23.4305 500 573
304 6 4 6 566 .7 10 23.5374 524 592
305 7 3 3 567.4 10 44.7839 491 631
306 7 3 4 544. 8 10 26.6908 472 564
307 7 3 5 546 . 1 10 32.4532 494 590
308 7 3 6 523 . 7 10 25.0779 474 552
309 7 4 3 622 . 9 10 20.0469 590 64 6
3 10 7 4 4 598.0 10 22.2011 562 624
3 11 7 4 5 593 . 8 10 23.0497 548 625
312 7 4 6 595.4 10 27.9770 558 637
3 13 8 3 3 536.5 10 24.9989 496 574
314 8 3 4 516.2 10 16 . 9693 488 537
315 8 3 5 503 . 1 10 12.4226 490 522
316 8 3 6 522 . 7 10 18.5954 477 538
3 17 8 4 3 604.9 iO 21.3200 574 632
318 8 4 4 592 . 6 10 20.0344 560 620
3 19 8 4 5 581 . 9 10 17.1169 554 600
320 8 4 6 612.6 10 24.4777 573 652
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A p p e n d i x  F.4
The HRV Values for Each Subject and Con d i t i o n  in STUDY
OBS SUB COND HRV
1 1 1 1.  402
2 1 2 1.  850
3 1 3 1 . 4 2 0
4 1 4 1 . 3 4 0
5 1 5 1 . 240
6 2 1 2 .  400
7 2 2 2 .  820
8 2 3 2.  860
9 2 4 2 .  720
10 2 5 2 .  780
11 3 1 2 .  48 0
12 3 2 2 .  560
13 3 3 2 . 900
14 3 4 2 .  800
15 3 5 2.  680
16 4 1 1 . 3 9 7
17 4 2 1 . 6 9 0
18 4 3 1.  830
19 4 4 1 . 4 8 0
20 4 5 1.  660
21 5 1 1 . 3 9 0
22 5 2 1 .  550
23 5 3 1.  950
24 5 4 1 . 4 6 4
25 5 5 2 . 1 1 0
26 6 1 1 . 0 6 7
27 6 2 1 . 0 6 3
28 6 3 1 . 1 6 0
29 6 4 1 . 3 9 0
30 6 5 1.  066
31 7 1 1 . 4 4 0
32 7 2 2 . 5 7 0
33 7 3 1.  820
34 7 4 1 . 9 1 0
35 7 5 1 . 1 3 0
36 8 1 1 . 3 2 0
37 8 2 1 . 7 2 0
38 8 3 1.  400
39 8 4 1 . 4 7 0
40 8 5 1.  660
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1 6 7
A P P E N D I X  G
C omputer Output of ANOVAS (Study I atsd Study II)
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SLB
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A
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1 4 e 7
1 2 3 4 5
1 2  2 4 5
N U M B E R  O F  C E S E R V A T I C N S  IN E "» G R C U P  = 1 6 0 0
A N A L Y S I S  O F  V A R I A N C E  F F C C E C U R E  
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T A T  1 S T c A L A N A L Y S I S  S Y S T E M  5
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Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
170
A N A L Y S I SS T A T I S T I C A L
Study X
A . M L Y S I S  CF V A p I A N C E FRCCFDURil 
C L A S S  L E V l L INFCrf/ATICN
S Y T O M 9
le: 12 S A TURC A Y t S E P T E M B E R  18, 1982
ID— 5  Ibits







V A L L E S  
2 5 6 7
1 2 3 A £
1 2 2 A 5
N U M E E R  CF C E S E R V A T I C N 5  IN EY G R C U F  = 1 t> C 0
A N A L Y S I S  OF V A R I A N C E  P R O C E D U R E
d e p e n d e n t  v a r i a e l e : f t
S O U R C E  
■'CUE L
E R R O R  ----
C O R R E C T E D  T O T A L
DF SUM CF S Q U A R E S
15 s 22.629cfcC79
1 A A 0 1 2 . 1 2 9 2 ESSO
1599 4 S . S 7 9 1 1 9 5 S
M E A N  S Q U A R E  
O . 2 0 6 5 4 0 0 0  
0 . CC91 2 4 4 9
M O D E L  F = 2 2 .6 A P h > r = 0 . 0 0 0 1
R— 30 U AR E 
0 . 7 1 4 2 3 4
C • V.
1 1 . 2 5 1 8
STD DEV 
C . C 9 55 221 7
FT M E A N  
0 »£A 8 9 A 7 5 0
S O U R C E
COND 
A NO
C C N D * A N G  
SUB
C G N D * S U O
ANG*SU3








A N C V - SS
C . 8 2 3 7 * 9 c 4  
2 . 6 5 C 7 9 3 5 8  
1 . 2 2 5 9 5 C S 5 
2 2 . 1EC19175
1 .C CC25 C £ 1
2 .2S£Co7*21 
1 . 7 2CS26 75






















0 . 0  00 1
T E S T S  OF H Y P O T H E S E S  U S I N G  T H E  ANOVA MS FCR C L N D * S U B  
AS A N  E R R O R  T E R N
S O U R C E
COND
or ANUVA =S 
C . 8 2 3 7 4 9 5 4
F V A L U E  PR > F'
2 . 2 9  -.0.0580
mV  -<crrr----r
T E S T S  OF H Y P O T H E S E S  U S I N G  THE ANOVA VS FCR A N G * S U O  
AS A N  E R R O R  T E R V





2 . C 5 C 7  9 35-J
F VALUE 
4 . 7 0
D
PR > F 
0.0014
TESTS O F  H Y P O T H E S E S  U S I N G  THE ANCVA VS FCR C L N C * A N G * S U B  
AS AN E R R O R  T E F V
oG U R C  E 




1 . 2 2595C 25
F VALUE 
2. 8 3
PR > F 
O . 0 0 0 4
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A N A L Y S I S  S Y S T E M  1
21:44 TUESDAY, NOVEMBER 2, 1982 
H= 3 Bits
S T A T I S T I C A L
STUDY I
ANALYSIS OF VARIANCE PROCEDURE 
CLASS LEVEL INFORMATION 
CLASS LEVELS VALUES
ID 3 1 2  3
ANG 8 1 2 3 4 5 6 7 8
SUB 5 1 2  3 4 5
NUMBER CF OBSERVATIONS IN BY GROUP = 1200






























































TESTS OF HYPOTHESES USING THE ANOVA MS FOR ID*SUB 





" ANOVA* SS 
20 •13664127
F 'VALUE ' 
23.41
PR > F 
0.0005
TESTS OF HYPOTHESES USING THE ANOVA MS FOR ANG*SUB 









PR > F 
0.0001
t e s t s  o f  h y p o t h e s e s  u s i n g  t h e  a n o v a  m s  f o r  i d*a n g *s u b









PR > F 
0.0008
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A N A L Y S I S  S Y S T E M  5
21:44 TUESDAY * NOVEMBER 2 T 1982
H= 4 &!TS
S T A T I S T I C A L
s t u d y  1
ANALYSTS OF VARIANCE PROCEDURE 
CLASS LEVEL INFORMATION 
CLASS LEVELS VALUES
ID 3 1 2  3
ANG 8 1 2 3 4 5 6 7 8
SUB . S 1 2 3 4 5
NUMBER OF OBSERVATIONS IN BY GROUP = 2400
_  ANALYSIS OF VARIANCE p r o c e d u r e "
d e p e n d e n t  v a r i a b l e : p t  
s o u r c e  d f





c o r r e c t e d  t o t a l
























































TESTS OF HYPOTHESES USINC THE ANOVA MS FOR ID*SUB 









PR > F 
0.0001
TESTS OF HYPOTHESES USING THE ANOVA MS FOR ANG*SUB 









PR > F 
0.0001
TFSTS OF HYPOTHESES USING THE ANOVA MS FOR ID*ANG*SUB 









PR > F 
0.0001
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S T A T I S T I C A L
S tu d y  I
ANALYSIS OF VARIANCE PROCEDURE 
CLASS LEVEL INFORMATION 
CLASS LEVELS VALUES
ID 3 1 2  3
ANG S 1 2 3 4 5 6 7
SDB S 1 2  3 4 5
A N A L Y S I S  S Y S T F x r  o
H_ T N0VEMBER 2, 1982
8
NUMBER OF OBSERVATIONS IN BY GROUP = 1200




ERROR ' T ~  
CORRECTED TOTAL
























































TESTS OF HYPOTHESES USING THE ANOVA MS FOR ID*SUB 









T R  > F 
0. 0001
TESTS OF HYPOTHESES USING THE ANOVA MS FOR ANS*SUB 





ANOVA SS F VALUE PR > F
1.25791072 8.59 0.0001
TESTS OF HYPOTHESES USING THE ANOVA MS FOR ID*ANG*SUB 





ANOVA SS F VALUE PR > F
0.98815129 6.95 0.0001
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
174
A N A L Y S I S  S Y S T E M  2





S~~T A T I S T I C A L'
^ T U D y  jT_
 ________    ;_>AftNlNG: THIS. V E R S I O N  O F  SAS IS N O T  S U P P O R T E D .
C O N T A C T  Y C U R  L O C A L  C O M P U T I N G  R E P R E S E N T A T I V E  TO G B T A I N  THE S U P P O R T E D  VE
A N A L Y S I S  OF V A R I A N C E  P R O C E D U R E  
C E F E N D E N T  V A R I A B L E :  PT
S C O P  C E " ~  --- r~’----   DF*
HCDEL^- ' 3 19
^ -   - ■ 28 ao~~
3 199
E R R O R
C C K R E C T E C  T O T A L
S U M  Or S Q U A R E S  
123 997 33.8 7 2 1 8 2 4 9  
1 8 0 1 4 C O . 9 0 COO 504 
1 4 2 0 1 1 3 4 . 7 7 2 1 8 7 5 3
: *CDEt^£ = .
i - - • r.:
..aac^iXSTMfi' ...cu*,*-_____ —
R - S O U A R E  
0 . 8 7 3 1 5 1
6 2 * 1 4
«
(





10* A N G  ..... .
H * I C #  A N G
sue
H4SGB. -.-w—
I C 4 S U B  '
H * I C * S U B  
AN G * S U 3  
H 4 A N G * S U E
^IDSANGSSUnB..
H *  I C * A N G * S U B
c.V .
7 6 3 8 25.
DF ;
.. ... * 1406128.
1 4 2 4 9 2 6 8 .
4 60970.
3 5 26 7 C 5•
12 107256.
----3... .... 39 7 C 7.
12 152581.
7 3 3  84CE5.
---28___ 17.83 254..




.. 21"....- ■' 19654.
84 76C68.
S TD D E V
A N O V A  SS
3 8 3 1 2 4 8 9  
4 C 0 3 1 2 4 8  
8 9 8 1 2 4 9 3  
6 2 3 4 3 7 3 5  
4 5 9 3 7 4 9 0  
5 4 C 9 3 7 4 S  
4 5 4 3 7 4 7 9  
7 7 4 6 8 7 2 3  
5.0X87431 
7 0218 7 3 0 
3 8 68 7 4 91 
6 6 4 06 2 2 0 
51 562 399 
9 6 6 5 6 2 0 9  
6 0 0 6 2 3 4 3
ME A N S C L A R E  
3 8 8 7 0 . 6 3 9  C S 775 
6 2 5 . 4  86 4 2361
PR > F = 0 . C 0 0  1
52-:
F V A L U E
5 6 2  . 





























FT N E AN 
9 9 1 5 6 2 5 0
PR > F
0.0001 
0 . C C O I 
0 .CCC 1 
C . C C01 
0 • COO 1 
0 .COO 1 
0.0001 
C . C C 0  1 














( T E S T S  CF H Y P O T H E S E S  U S I N G  T H E  A N O V A  MS FOR HS-SUB AS AN E R R O R  T ERM
r._SCURCE..................... D F      A N O V A  SS F V A L U E  PR > F
( : H ' 4 1 4 C 6 1 2 8 . 3 8 3 1 2 4 8 9  5 . 5 2  0 . 0 0 2 1
( T E S T S  UF H Y P O T H E S E S  U S I N G  THE A N O V A  MS FOR I D * S U B  A S  AN E R R O R  TER N  
S O U R C E  DF A N O V A  SS F V A L U E  FR > F
IC 1 4 2 4 9 2 6 8 . 4 0 0 3 1 2  48 1 2 2 . 6 6  C.CCOl
i
T E S T S  OF H Y P O T H E S E S  U S I N G  THE A N O V A  ME FOR A N G 7 S U G  AS AN E R R O R  TERN 
S.CUFCE DF A N O V A  SS F V A L U E  PF > F
A N G  3 5 2 6 7 C 5 . 6 2 3 4 3 7 3 5 2 1 * 5 8 0 . COO 1
T.L TS OF H Y F 3  T H E S E S  U S I N G  THE A N O V A  MS FOR H * I D * S U 3  AS AN EFRCf T E f N  
S O U R C E  DF A N C V A  SS F V A L U E  PF D F
H* ID 4 6 0 9 7 0 . 8 9 8 1 2 4 9 3 6 . 5 7 0 . CC07
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
175
£ T A T I S T I C A L A N A L Y S I S  S Y S T E M
< S T U P y  7T 0 :20 T H U R S D A Y ,  A P R I L  2 t ,  ISe
' .. w a r n i n g :., t h i s  V E R S  Iu .N c f .s a s  i s  n o t  s u p f g r t e d .
C O N T A C T  Y O U R  L O C A L  CGMPL'TINC R EP R E S  EN T  AT I VE TO UbTrtlN THE S U P P O R T E D  VE
A N A L Y S I S  OF V A R I A N C E  P R O C E D U R E  
D E P E N D E N T  V A R I A B L E :  PT
■. T E S T S  O F  H Y P O T H E S E S  U S I N G  THE A N O V A  M S  F O R  H * A N G * S U B  AS A N  E R P C F  T E R M
F " " '. - ' '
L  S O U R C E  ; ... ..... _______ D F      A N O V A  SS. F V A L U E  PR > F
h * AN G  12 1 C 7 2 5 C . 4 5 S 3 7 4 S 0  6 . 5 0  0 . C 001
! T E S T S  OF; H Y P O T H E S E S  U S I N G  T H E  A N O V A  M S  F O R  I D * A N G * S U B  AS AN E R F C R  T E R M
L s C U R . C E ^ 2 ^ ™  ............. D F  _ _     ; . A N O V A  SS . F V A L U E  PR > p
I C * A N G  3 3 9 7 C 7 . 5 4 C 9 3 7 4 8  1 4 . 0 0  O . O O O l
T E S T S  O F  H Y P O T H E S E S  U S I N G  T H E  A N O V A  M S  F O R  H * I D * A N G * S U B  
AS AN E R R O R  T E R M
S C U R C E  *.............  DF ' A N C V A  SS F V A L U E  PR > R
F * IC * AN G 12 1 5 2 5 8 1 . 4 5 4 3 7 4  79 1 4 . 0 4  C . C 0 0 1
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A N A L Y S I S  S Y S T E M  * ' ~ 2
2 IJ54 T H U R S D A Y ,  A P R I L  28. 1983
  ..   w a r n i n g : THI S  V E R S I O N  OF SAS IS NOT S U P P O R T E D .
C O N T A C T  YOUR L O C A L  C O M P U T I N G  R E P R E S E N T A T I V E  TO O B T A I N  THE S U P P O R T E D  VE
  ...   S j u o y  h =3 Sits
A N A L Y S I S  OF V A R I A N C E  P R O C E D U R E
D E P E N D E N T  V A R I A B L E :  PT
DF SUM CF SQUA R E S
63 2 1 5 6 C 5 3 . 7 9 3 7 4 9 9 3
5 76 5 0 2 5 4 4 . 4 0 0 0 0 0 0 8
63 9  2 6 5 E 5 9 8 . 19375001
S O U R C E
MODEL
E R R G R
C O R R E C T E D  T O T A L
MEAN SQ U A R E  
3 4 2 2 3 . 0 7 6 0 9 1 2 7  
8 7 2 . 4 7 2 9 1 6 6 7
M O D E L  F =■
-R-SQUARE 
„C.&10.974___
S C U R C E
“S U B  '-----
ID
S U B * I D
A N G
S U B * A N G ...
IC* AN G 













2 9 . 5 3 7 6 5 2 5 2
A NOVA SS
9 C 9 S 9 8 . 2 1 8 7 4 9 9 9  
951 1 0 5 . 6 0 0 0 0 0 0 0 
61 164 . 2 2 5 0 0 0 0 0 
1 1 6 C 9 7 . 4 6 8 7 5 0 0 0  
5 9 2 6 9 . 0 0 6 2 4 9 9 8  
3 5 6 5 8 . 1 5 0 0 0 0 0 0  
2 2 7 6 1 . 1 2 4 9 9 9 9 6
PR > F = 0.C001
FT MEAN 
5 0 0 • 0 5 3 1 2 5 0 0
F V A L U E
149.00 
1 0 9 0 . 1 3  
10.01 
4 4 . 3 6  

















T E S T S  OF H Y P O T H E S E S  U S I N G  THE ANOVA MS FOR S U B * A N G  AS AN E R R O R  TERM
V
....... ..........DFS O U R C E
A N G
ANOVA SS F V A L U E  pR > F 
I 1 6 C 9 7 . 4 6 8 7 5 0 0 0  13.71 0.C001
T E S T S  OF H Y P O T H E S E S  U S I N G  THE ANOVA MS FOR S U B * I D  A S  AN E R R O R  TERM 
S C U R C E  DF ' ANOVA SS F V A L U E  PR > F
ID 1 9 5 1 1 0 5 . 6 0 0 0 0 0 0 0  10 8 . 8 5  O.COOl
T E S T S  OF H Y P O T H E S E S  U S I N G  T H E  ANUVA MS FOR S U B * I D * A N G  AS AN E R R C R  TERM
S O U R C E  




3 5 6 5 8 . 1 5 0 0 0 0 0 0
F V A L U E  
10.97
FF > F 
0 . C 002
f
(
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L Y S I S  S Y S T E M  , 4  
2 1 1 5 4  THURSDAY, APRIL  2 e V T . S 8 3
  ,,     w a r n i n g : t h i s  v e r s i o n  o f  s a s  i s  n o t  s u p p o r t e d .
C C N T A C T  YGU R  L O C A L  C O M P U T I N G  R E P R E S E N T A T I V E  TO C O T A I N  T H E  S U P P C R T E C  VE
 ..................    • S-rua/TT H = 3 . s e  B. TS
A N A L Y S I S  O F  V A R I A N C E  P R O C E D U R E  
D E P E N D E N T  V A R I A B L E : .  PT 
S O U R C E  DF
K C D E L  63
E R R O R  5 7 6
C O R R E C T E D  T O T A L  6 3 9
SUK OF S Q U A R E S  
2 2 6 7  7 13.9 7499 99 4  
231 1 1 4 . 0 0 0 0 0 0 0 7  
2 5 1 8 8 2 7 . 9 7 5 0 0 0 0 1
M E A N  S C u A R c  
3 6 3 1 2 . 9 2 0 2 3 8 0 9  
4 0 1 »  2 29 5 E 333
K C D E L  F =
R - S C U A R E  
J? . 9 0 8 2 4 5
S O U R C E
S U B   ---
ID
S U B 4 I D
A N G
SUB*ANG----
I C * A N G
S U B * I D * A N G
9 0 . 5 0
C.V .






" 2 1 " 
3 
21
STD D E V  
2 0 . 0 3 0 9 6 5 6 1
A N O V A  SS
12 47 0 4 6 . 6 7 4 9 9 9  99 
7 7 9 9 4 5 . 2 5 6 2 5 0 0 0  
3 1 2 6 3 . 8 4 3 7 5 0 0 1  
1 1 0 5 3 8 . 2 8 7 5 0 0 0 0  
9 3 8 4 4 . 5 1 2 4 9 9 9 8  
9 1 6 1 . 4 3 1 2 4 9 9 9  
1 5 9 1 3 . 9 6 8 7 4 9 9 7
PR  > F -= 0 . C 0 0 1
FT K E A N  
5 0 8 . 4 4 3 7 5 0 0 0















P R  > F
0.000 1 
0 • C001 




0 . C 099
T E S T S  O F  H Y P O T H E S E S  U S I N G  T H E  A N O V A  MS F O R  S U B * A N G  AS AN E R R O R  T E R M
“S O U R C E '   6F ' A N O V A  SS F V A L U E  FF > F




T E S T S  OF H Y P O T H E S E S  U S I N G  TH E  A N O V A  MS FOR S U B * I D  A S  A N  E R R O R  T E R M  
S C U R C E  DF " A N C V A  SS F V A L U E  PF > F
ID 1 7 7 9 9 4 5 . 2 5 6 2 5 0 0 0  1 7 4 . 6 3  0 . 0 0 0 1
T E S T S  O F  H Y F C T H E S E S  U S I N G  T H E  A N O V A  MS F O R  S U B * I D * A N G  A S  A N  E R R O R  T E R M  
S C U R C E  DF A N C V A  SS F V A L U E  PF > F


















S T A T I S T I C A L  A N A L Y S I S  S Y S T E M  6
2 1 : 5 4  T H U R S D A Y ,  A P R I L  26, 1983
E A R N I N G :  T H I S  V E R S I O N  OF SAS IS N O T  S U P P O R T E D .
C C N T A C T  Y C U R  L O C A L  C O M P U T I N G  R E P R E S E N T A T I V E  TO O B T A I N  T H E  S U P P O R T E C  VE
SruDyTi H=4 Birs
A N A L Y S I S  OF V A R I A N C E  P R O C E D U R E  
D E P E N D E N T .  V A R I A B L E :  PT 
S C U R C E  DF
M C D E L.......    63
E R R O R  5 7 6
C O R R E C T E D  T O T A L  6 3 9
SUM OF S Q U A R E S  
2 4 3 3 C 0 8 . 8 7 3 4 3 7 4 3  
3 3 7 3 8 2 . 5 0 0 0 0 0 0 9  
2 7 7 0  2 9 1 . 3 7 3 4 3 7 5 1
M C D E L  F =
R - S Q U A R E  
j 0 . 8 7 8 2 1 8
S C U R C E
' S U B ” ' ...
ID
S U B * I D
A N G
S U E * A N G ' ...
IC* AN G 
S U B *  ID* AN G
6 5 . 9 3
C . V .









ST D  D E V  
2 4 . 2 0 1 9 3 1 8 8
A N C V A  SS
8 6 1 6 3 2 . 9 1 0 9 3  7 4 9  
12 33 5 0 2 . 2  0 1 5 6 2 5 0  
6 3 3 4 7 . 9 8 5 9 3 7 5 0  
1 9 2 4 0 3 . 8 0 4 6 8 7 5 0  
4 0 7 5 6 . 1 0 7 8 1 2 4 6  
2 1 9 5 3 . 0 5 4 6 8 7 4 9  
1 9 4 1 2 . 8 C 7 8 1 2 4 8
M E A N  S C L A R E  
3 8 6 1 9 . 1 8 8 4 6 7 2 6  
5 8 5 . 7 3 3 5 0 6 9 4
P R  > F = 0 . 0 0 0 1
FT M EAN 
5 2 1 . 4 3 5 9 2 7 5 0
F V A L U E
2 1 0 . 1 5  
2 1 0 5 . 9 1  
1 5 . 4 5  
1 0 9 . 4 9  
3 . 3 1  
1 2 . 4 9  
1 .58
PF > F
0 . C 0 0 1  
0 .0001 
0.0001 
0 .COO 1 
0.0001 
0 . C C O 1 
0 . 0 4 9 0
T E S T S  O F  H Y P O T H E S E S  U S I N G  T H E  A N O V A  MS F O R  S U B * A N G  AS AN E R R O R  T E R M
S C U R C E .......  ~~ DF' ' A N C V A  S S  F V A L U E  PR > F
A N G  3 1 9 2 4 0 3 . 8 0 4 6 8 7 5 0  3 3 . 0 5  C . C 0 0 1
T E S T S  C F  H Y P O T H E S E S  U S I N G  T H E  A N O V A  M S  F O R  S U B * I D  A S  A N  E R R C R  T E R M  
S C U R C E  D F  A N C V A  SS F V A L U E  PF > F
IC 1 1 2 3 3 5 0 2 . 2 0 1 5 6 2 5 0  1 3 6 . 3 0  C . C 0 0 1
K
T E S T S  OF h Y P O T H E S E S  U S I N G  T H E  A N O V A  M S  FO R  S U B * I D * A N G  A S  A N  E R R C R  T ERM
S C U R C E  
I C * A N  G
DF
3
A N C V A  S S  
2 1 9 5 3 . 0 5 4 6 8 7 4 9
F V A L U E  
7 . 9 2












  S T  A T I S T I C A L  A N A L Y S I S  S Y S T E M  17 9©
21154 THURSDAY, APRIL 28. 1583
 ....... w a r n i n g : t h i s  v e r s i o n  o f  s a s  i s n o t  s u p p o r t e d .
CONTACT YCUR LOCAL CGMPUTING REPRESENTATIVE TO OBTAIN THE SUPPORTED VE
Srupyjr H=4.17 Sirs 
ANALYSIS OF VARIANCE PROCEDURE 
DEPENDENT VARIABLE: PT
DF SUM OF SQUARES



















I D * A N G  
S U E * I D + A N G


















1 12T53 782968750 
17635.65781247

























TESTS OF HYPOTHESES USING THE ANOVA MS FOR SUB*ANG AS AN ERROR TERM 
SOURCE" ~ ojr"* ANCVA SS F VALUE FF > F
ANG 3 97672.75468749 19.10 C.0001
T E S T S  OF H Y P OTHESES US I N G  THE ANOVA MS FOR SUB+ID AS AN ERROR TERM 
£ C U R C E  DF' ANCVA SS F VALUE PF > F
ID j 6 93 203.0 76562 50 55.89 C.C001
K









PF > F 
0.OCOl










S T  A T I S T  I C  A L A N A L Y S I S  S Y S T E M  1 8 p 02 1 1 5 4  T H U R S D A Y ,  A P R I L  2 8 *  1 S 8 3
VlA R N I N G :  T H I S  V E R S I O N  O F  SAS IS N O T  S U P P O R T E D .
C O N T A C T  Y CUR L O C A L  C O M P U T I N G  R E P R E S E N T A T I V E  TO O B T A I N  T H E  S U P P O R T E D  VE
S>Tut>y 77 H=4 .56 g,TS
A N A L Y S I S  OF V A R I A N C E  P R O C E D U R E  
O E P F N D E N T  V A R I A B L E :  PT
DF S U M  OF S Q U A R E S
63 1 5 4 4 6 5 0 • 5 4 8 4 3  741
5 7 6  3 0 1 6 1 8 . 5 0 0 0 0 0 0 9
63 9  1 8 4 6 2 6 9 . 0 4 8 4 3 7 5 1
S O U R C E
M C D E L ...
E R R C R
C O R R E C T E D  T O T A L
M E A N  S C U A R E  
2 4 5 1 8 . 2 6 2 6 7 2 6 1  
5 2 3 . 6 4 3 2 2 5 1 7
M O D E L  F =
R-SCUARE
0 . 8 2 6 6 3 4
S C U R C E
'SUE— -.....
ID
S U B * I D
A N G
S U B + A N G
I C * A N G
S U B * I D * A N G
4 6 . 8 2
C . V .









S TD D E V  
2 2 . 8 8 3 2 5 2 1 5
A N C V A  SS
6 2 C 7 7  7 . 3 1 0 9 3 7 4 9  
6 5 2 4 8 3 . 1 6 4 0 6 2 5 0  
64 9 1 3 . 4 4 8 4 3 7 5 0  
I 1 7 0 4 9 . 7 6 7 1 8 7 4 9  
5 6 6 1 4 . 3 2 0 3 1  2 4 8  
1 2 8 1 2 . 5 2 9 6 8 7 5 0  
2 0 0 0 0 . 0 0 7 8 1 2 4 5
PR > F = 0 . 0  001
FT M EAN 
5 5 9 . 2 2 3 4 2 7 5 0
F V A L U E
1 6 9 . 3 6  
1 2 4 6 . 0 5  
17.71 




P F  > F
0 . 0 0 0 1  
0 . 0 0 0 1  
O . C O O l  
0 . C 0 0 1  
0 . C001 
O . C O O l  
O . C14S
T E S T S  O F  H Y P O T H E S E S  U S I N G  T H E  A N O V A  M S  F O R  S U B * A N G  AS AN E R R O R  T E R M
S O U R C E   —    - DF" ~ A N O V A  SS F V A L U E  P F  > F
A N G  3 1 1 7 0 4 9 . 7 6 7 1 8 7 4 9  1 4 . 4 7  0 . 0 0 0 1
T E S T S  O F  H Y P O T H E S E S  U S I N G  TH E  A N O V A  MS FO R  S U B * I D  A S  AN E R R O R  TERM.
S C U R C E   " D F ” A N C V A  SS F V A L U E  PF > F
jC 1 6 5 2 4 8 3 . 1 6 4 0 6 2 5 0  7 0 . 3 6  O . C O O l
 ^ T E S T S  OF H Y P O T H E S E S  U S I N G  T H E  A N O V A  M S  F O R  £ U B * I D * A N G  AS A N  E R R C R  T E R M
S O U R C E  
I E * A N G
DF
3
A N C V A  SS 
1 2 8 1 2 . 5 2 9 6 8 7 5 0
F V A L U E  
4 . 4 8
PF > F 
0 . 0 1 3 9
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 S ~ T  A T I S T 1 C  A L A N~'A L V S I 3 S Y S T E M  2
1 !lo 7 H U R S C A Y ,  A P R I L  2£i 1983
   W A R N  ING : _T HIS V ER S |CN_0 F S A S IS MO T  S UOPLRTLO.
C C NT ACT Y C U R  L O C A L  C O M P U T I N G  R EPR ES EN T AT 1 VE TO Lc-TAIN THE S U P P O R T E C  VE
  ..... ..... ... .^I«»ylL„ANG = 3
A N A L Y S I S  OF V A R I A N C E  P P C C E 9 U R E
.CEF E N D E N T  V A R I ABLE: PT   _ ______
S C U R C E  DF SUP OF S Q U A R E S  M E A N  S C L A K E
L .KCDEL  _____________ ____ . . . 7 9 .  30 5 0 599.3 9 4 9 9 9  91 3 8 6 1 5 . 1 8 2 2 1 5 1 9
E R R C R  720 3 A 3 92 0.4 CO0 5 0 1 0  4 7 7 . 6 6 7 2 2 2 2 2
, C C R R ECTE C T C T A L ^   799 ______ 33 9 4  £ 19. 7 9 5000 01 ____
*. ’ > ->
K C D E L  F = . 8 0 . 8 4  . PR > F = O.COOl
' r [^**' .1. ■' v-ftV'. f ■ T^-.v' " J-u'rt ~i .* *v ^
R - S C U A R E  C.V. STD D E V  FT ^E AN
 C . £ 9 8 6 84   4 . 0  170 ______  J I .8 5559 93 3  5 4 4 . C 7 2 5 C 0 0  0
S C U R C E  DF A N O V A  SS F V A L U E  PF > F
  4 -----  3 83 50 o'. 1 57 4 9 9 9 9 2 0 0.72 C . C 0 0 I
ID 1 1 1 2 1 7 6 0 . 1 2 4 9 9 9 9 9  2 3 6 9 . 3 5  C.CC01
F * I D  4 3 5 E e 2 . 4 6 2 5 0 0 01 13,78 O. C O O l
S U B  7 9 3 8 8 9 9 . 9 7 4 9 9 9 9 6  2 8 0 . 8 0  C. 0 0 0 1
K * S U B --------   '28  4 6 9 5 2 6 . 2 6 2 4 9 9 9 7  35.11 O.COOl
I D * S U B  7 6 2 2 2 7 . 5 7 5 0 0 0 0 0  13.64 0.000
F * I C * S U B  . 2 8  ' 2 8 7 0 2 . 8 3 7 4 9 9 9 7  2 . 1 5  0.000
t e s t s  g f  h y p o t h e s e s  u s i n g  t h e  a n o v a  m s  f o r  h * s u d  a s -a n  e r r c r  t e r m
s SCUFtE"'  ....... . d F  7 .....  A N C V A  SS F V ALUE PF J> F
H • 4 3 8 3 5 0 0 . 1 5 7 4 9 9 9 9  5 . 7 2  0 . C C 1 7
T E S T S  GF H Y F C T H E 3 E S  U S I N G  THE A NUVA M S  FOR IDSSUB AS AN E R R O R  TERN
SCURCE'—  -‘  DF  A NOVA SS F V A L U E  FR > F
1D 1 1 1 2 1 7 6 0 . 1 2 4 9 9 9 9 9  127.11 0.0001
T E S T S  GF H Y P O T H E S E S  U S I N G  THE A N O V A  MS FOR H ^ I D ^ S U B  AS AN E R R O R  TERN
S C U R C E ------ *.......... .... D F    ' A N O V A  SS F V A L U E  PF > F
(.^ID 4 3 5 8 8 2 . 4 6 2 5 0 0 0 1  3.75 O.COOl
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I s...T - A T x s' T' I C A L ~ A N A L Y S I S  S Y S T E M  4
i:i8 T H U R S D A Y » A P R I L  23. 19B3
 ............ W A R N I N G :  T H I S  V E R S I O N  OF SAS IS N O T  S U P P O R T E D .
C O N T A C T  Y CUR L O C A L  C O M P U T I N G  R E P R E S E N T A T I V E  TO O B T A I N  THE S U P F O F T E C  VE
________      S t u Ov TT A N G S 4
A N A L Y S I S  OF V A R I A N C E  P R O C E D U R E
. D E P E N D E N T  V A R I A E L E I . P T  
S C U R C E
 ^CDEL_......  ■.. ...
; E R R C R





SUM CF S Q U A R E S
3 4 0 9 2 7 5 . 8  7 999 9 91 
4 4 2 1 5 9 . O C O O O O I 1 
3 8 5 1 8 3 4 . Q 8 C 0 0 C 0 2
M E A N  S C L A R E  
4 3 1 5 6 . £ 5 6 7 C866 
614 . 109 7 Z222
PC DEL F = 70 . 28
I P - S C U A R E  
wC... 8.85,19 9.
S C U R C E
ID
F * I D
S U B
I C ^  3U B 











STD D E V  
24 . 7 8 1 2 3 7 3 0
A N C V A  SS
' 434 2 0 4 . 2 4 2 5 0 0 0 0  
1 2 8 2 5 6 1 . 2 8 0 0 0 0 0 1  
57 6 32•9 5 7499 99 
10 1 5 9 * 9 . 9 3  9999 99 
5 152 0 0 . 2 9 7 4 9 9  99 
6 8 9 6 9 . 0 5 9 9 9 9 9 7  
3 4 6 6 8 . 1 0 2 4 9 9 9 5
PR > F = 0 . C C 0 1
PT FEAN 
... 529. 1 70CC CO 0
F V A L U E
1 76.8 0
2 0 8 8 . 4 9  
23. 46 
2 3 6 . 3 4  




0 . OCO 1 
0 . CCC 1 
O .CCO 1 
0 . CCO 1 
C . COO 1 
C .C 00 1 
0 . C016





ANCVA SS F V A L U E  FF > F
434 304.24 250 000 5 . 9 0  0 . C 0 1 4
T E S T S  CF H Y P O T H E S E S  U S I N G  T H E  ANOVA MS FO R  I D * S U E  A S  AN E R R C R  TERM
S L U R C E ~       “ D F   A N O V A  SS F V A L U E  PF > F
ID 1 1 2 8 2 5 6 1 . 2 8 0 0 0 0 0 1  1 3 0 . 1 9  0 . 0 0 0 1
T E S T S  GF F Y F C T H E S E S  U S I N G  T H E  A N O V A  MS FO R  H * I D * S U B  A S  AN E R R O R  T E R M
'scUf'CE   ............. DF A N C V A  SS F V A L U E  PP > F
H * I C  4  5 7 6 2 2 . 9 5 7 4 9 9  9 9  1 1 . 6 4  O . C O O l
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A N A L Y S I S  S Y S T E M  6
1 : 1 8  T H U R S D A Y ,  A P R I L  2 5 ,  1 5 « 3
............. W A R N I N G !  ..THIS. V E R S  ION OF SAS IS N O T  S U P P O R T E D .
C O N T A C T  Y C U R  L O C A L  C O M P U T I N G  R E P R E S E N T A T I V E  TO O B T A I N  THE S U P P C R T E C  VE
_ —   ............... . ......  S.TWCV JT . A N G = 5
A N A L Y S I S  OF- V A R I A N C E  P R O C E D U R E
PT
OF SUM OF S Q U A R E S
- 79 28 5 0 7 6 5 . 5 5 4 9 9 9  90
720 565 5 7 6 . 2 0 0 0 0 0  11
7 9 9  3 4 6 0 7 4 5 . 7 5 5 0 C C 0 1
, ^ .CEPENDENT V *R.I ABLE 
S C U R C E
L,;*..C.DEL_ _____________
E R R C R
C C R R E C T E C  T O T A L
M E A N  SCL-2RE 
3 6 5 9 2 . 0 1 9  6 E 354 
7 9 1 . 6 3 3 6 1 1 1 1
r*oDEi_; F —
R - S Q U A R E  
„.C.. e.36.302
S C U R C E
F~ "
ID
H*  ID 
SUL’
H V sTj B—
ID* SUB 
H * I D * S U 5











STD D E V  
2 0 . 1 3 5 9 6 4  27
A N O V A  SS
2 3 2 1 0 2 . 6 6 7 5 0 0  00 
I 125750. 125000 00 
3 3 2 0 2 . 3 3 7 4 9  959 
8 7 C C 9 A . 3 5 4 9 9 9 9 8  
4 5 7 C 9 5 . 2 5 2 4 9 9 5 7  
8 2 6 8 5 . 6 3 4 9 9 9 5 9  
4 5 6 3 5 . 1 0 2 4 5 9 5 7
PR > F = O . C C O l
FT H £ A N 
515. 1 4 2 5 G C 0 0
F V A L U E
73. 3 C 
14 2 2 . 0 6
10.49 
1 5 7 . 0 2  
2 2 . 4 3  
1 4 . 9 2  
2 .25
PR > F
C .COO 1 
C . C C O 1 
0 . COO 1 
0 . OCO 1 
C . COO 1 
0 . COO I 
C .C003
T E S T S  OF H Y P O T H E S E S  U S I N G  THE A N O V A  MS F D R  H * S U B  AS AN ERR C F TERM




A N C V A  SS F V A L U E  PF > F
2 32 1 0 2 . 6 6 7 5  00 00 3 . 2 7  0 . C 2 5 5
T E S T S  OF H Y P O T H E S E S  U S I N G  TH E  A N U V A  MS FOR I D * S U E  A S  AN E R R O R  TCP H
S'CURCE.......  ~  “D F    A N C V A  SS F V A L U E  PF > F
ID 1 1 1 2 5 7 5 0 . 1 2 5 0 0  0 00 5 5 . 3 0  O . C O O l





A N C V A  SS 
3 2 2 0 2 . 3 3 7 4 9 5 5 9
F V A L U E  
4 . 6 6
PR > F 
0 . CC52
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A N A L Y S I S  S Y S T E M  8
i : i 6  T H U R S D A Y ,  A P R I L  2 E%  1 9 8 3
   ________  W A R N I N G :  T H I S  V E R S I O N  OF SAS IS N O T  S U P P C R T E D .
C C NT ACT YCUR L O C A L  C O M P U T I N G  R E P R E S E N T A T I V E  TO D E T A I N  THt S U P P L R T 6 C  VE
...___  _________________________ % lTlfS>.yJL A N G = 6  ..
A N A L Y S I S  OF V A R I A N C E  P R C C E D U k E 
X E P E N D E N T .  V A R 1  AELE: PT
S C U R C E  DF SUM CF S Q U A R E S
M L P E L  ______ ___ ____ _____  79 2 5 2 2 5 8 3 *  41 674991
E F P C R .  .7 20 4 4534 5.3 0 0000 11
C C R R E C T E  C T C T A L  7 9 9  2 9 6 7 £ 2 8 . 7 1 6 7 5 0 0 2
M E A N  S C L ARE 
3 1 9 2 7 . 6 3 8  2 1202 
6 1 8 . 5 2 5  12589
R O D E L  F =
P - S O U A R E
XU.6.49.932.
5 1 . 6 2
C .V .
4.8615
STD O E V  
2 4 . 8 7 0 3 6 6 6 8
PR > f = O . C O O l
FT ME4N 
5 1 1 . 5 8 1 2 5 0 0 0




S U B  .
P * S U B  ”










A N C V A  SS
4 6 3 4 7 7 . 7 7 5 0 0  001 
7 4 8 9 0 4 . 4 1 1 2 5 0 0 0  
8 6 5 3 4 . 5 9 4 9 9 9 9 9  
7 2 9 9 6 4 . 1 2 6 7 4 9 9 9  
4 1 6 5 5 5 . 1 6 4 9 9 9 9 6  
4 8 2 6 6 . 3  9 574 9 9 8  
2 7 6 6 0 . 9 4 4 9 9 9 9 7
F V A L U E
1 6 7 . 3 3  
1 2 1 0 . 7 7  










0 . 0 00 1 
0 . COO 1 
O . C O O l  
0 . COO I 
0 . COO 1 
0 . COO 1 
0 . C249
T E S T S  O F  F Y P G T H E S E S  U S I N G  THE A N U V A  M S  F O R  H ^ S U B  AS AN E R R C R  T E R M  
S C U R C E  "" DF
4
A N U V A  SS F V A L U E  PR > p
4 6 3 4 7 7 . 7 7 5 0 0 0 0 1  7 . 7 b  0 . C 0 0 2
T E S T S  CF F Y F C T F E S E S  U S I N G  THE A N O V A  MS F O R  I D * S U B  A S  A N  E R R C R  T E R M  
c C U R C E  DF A N C V A  SS F V A L U E  PR ^ F
IC 1 7 4 8 9 0 4 . 4  I 1 2 5 0 0 0 1 0 8 . 3 4 0 . COO 1





A N C V A  So 
5 6 5 3 4 . 5 9 4 9 9 9 9 9
F V A L U E  
21 . 82
FF > F 
0 . COO 1
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A N A L Y S I S  S Y S T E M  2
0 : 5 3  T H U R S D A Y ,  A P R I L  2 6 .  1 5 8 3
 ........    W A R N I N G :  T H I S  V E R S I O N  OF SAS IS N O T  S U P P O R T E D .
C O N T A C T  YCUR. L O C A L  C O M P U T I N G  R E P R E S E N T A T I V E  TO O B T A I N  THE S U P P C F T E C  VE
------------— ----------      S t u d y  vi i d = 3  X s its
A N A L Y S I S  OF VAR 1ANC E  P R O C E D U R E
D E P E N D E NT V ARI ABLE: PT_______
SCURCE DF
   u. .„JJ5_9„
E R F C R  1AAO
C O R R E C T E D  T C T A L  1559
S U M  OF S Q U A R E S  
34 5 7 2 7 8 . 9  5 7498 75 
7 5 5 E C 4 . 8 C 0 0 0 1 2 b  
4 2 5 3 C 6 2 . 7 5 7 50001
M E A N  S C L A R E  
2 1 7 4 3 . 8 5 3 0 6 6 0 3  
5 5 2 . 6 4 2  2 2 2 2 2
r N C D E L  F =
r-~i
3 9 . 3 5
R - S Q U A R E  
C . 8 1 2 8 8 8
i SCURCE*
H
A N G  
F * A N G  
S U E
H * S U B  
A N G * S U B  . 
P * A N G * S U E
' C.V. 









STD D E V  
2 3 . 5 0 8 3 4 3 6 7
A N O V A  SS
" "8 91 2 2 4 T 9 9  7495 88 
1 9 9 C 2 2 . 0 4 7 4 9 9 5 5  
7 5 1 2 3 . 4 2 7 4 9 9 5 5  
12 4 8 E 2 6 . 2474 V594 
6 567 66. 5 5 2 4 9 9 5 5  
9 1 6 5 8 . 0 6 2 4 9 9 8 8  
5 2 7 2 7 . 6 6 2 4 9 9 1 9
PR > F = 0 . C C O 1
FT MEAN 
4 8 8 . 5 5 1 2  5000
F V A L U E
4 0 3  , 
1 2 0 , 

























0 . coo 1
' O '
T E S T S  OF F Y F G T H E S E S  U S I N G  THE A N O V A  MS FOR H * S U B  AS AN E R R  C F TEF.v
S C U R C E — —       •' D F ................  A N O V A  SS F V A L U E  PF > F
h' 4 8 9 1 2 2 4 . 9 5 7 4 9 9 8 6  7 . 2 6  0 . 0 0 0 4
T E S T S  OF H Y F O T F E S E S  U S I N G  THE A N O V A  (4 S F U R  ANG 4 SUB AS AN E R F O F  T E F f.
:.SCURCE'"’"*'--------------- —   D F     A N O V A  SS F V A L U E  PF > F
A N G  3 1 9 9 0 2 2 . 0 4 7 4 9 9 5 5  1 5 . 1 7  O . C O O l
T E S T S  OF H Y F C T H E S E S  U S I N G  THE A N O V A  MS FOR H * A N 6 * S U B  AS AN E R R O R  TERM
SCURCE* 
F ■* A N G
... DF 
12
A N O V A  SS 
7 5  1 2 3 . 4 2 7 4 9 9 5 5
F V A L U E  
5 . 6 7
PR > F 
C .CCO 1
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i
S T  A T I  S T I C A L 
—  WARNING: _TJH1S V E R S I O N  OF SAS IS NOT SUPPORTED.
A N A L Y S I S  S Y S T E M
0153 T H U R S D A Y ,  a p p j l  2 B s ISB
f C C NT ACT Y CUR L O C A L C O M P U T I N G R E P R E S E N T A T I V E  TO O B T A I N T H E  S U P P C R T E C  VE
--- — . ___ _ ^ T u p y  JJ_ ID-4 rB/TS . .
( A N A L Y S I S O F V A R I A N C E  P R O C E D U R E
.— C.EP.ENDENX_VARI AELEI —  P T ____■_____ ... ........... • -
c S C U R C E * DF SU M  OF S Q U A R E S M E A N  S C L A R E
*
! ,— fcLQ DE.L_ -------,------ _______ 159 .. 4 6 9 3  166.47,437334 2 9 5 1 6 . 8 9 6 0 6  524
If i E R R O R . 1440 10 C 5 5 9 6 . 1 0 0 0 0 1 6 9 6 9 3 . 3 3 C 6  2 500
1 L_.CCRRECTEC. TOTAI____ , , . 1599 565 8  7 6 2 . 5 7 4 3 7 5  03
k
M C D E L  F = 42 .27 PR > F = 0 . C C 0 1
f R - S Q U A R E C .V . STD D E V FT MEA N
L 0..823542 , . . 4 . 7 0 6 9 _ :.....  2 6 . 4 2 5 9 4 6  06 5 6 1 . 4 2 1 8 7 5 0 0
(
S C U R C E DF A N O V A  S S  F V A L U E  PF > F
-• ------------------------ ..  4.”"'... 5 7 5 £ 74.2 63749 94 2 O b . 16 0 . 0 0 0  1
( A N G 3 3 67 2 8 1 . 1 1 6B7 4 93 1 7 5 . 3 6  0 . C CO I
F * ANG 12 1 8 4 7 1 4 . 4 8 6 2 4 9 9 2 2 2 . 0 4  C.COOl
: sue 7 2 3 7 6 C67.2 2 5 3 7 4  7 7 4 8 6 . 4 8  0 . 0 0 0 1
P * SU B ........ . ......28 " 9 8 9 4 6 6 . 3 3 6 2 4 9 8 3 5 0 . 6 0  O.C 001
( A N G * S U 3 21 9 6 8 1 5 . 5 6 8 1 2 4 7 1 6 . 7 4  O . C O O l
F + A N G + 3 U C e4 5 3 8 6 2 . 4 5 3 7 4 9 2 4 1.6 9 O . C 002
( T E S T S  O F  H Y P O T H E S E S U S I N G  THE A N U V A  i-15 FO R  H $ S U 3  A S  AN E R R O R  T ERM
' S C U R C E ....... DF " A N U V A  SS F V A L L E  PR > F
(
h 4 5 7 5 e 74.2 £374 9 94 4 . 0 7  0 . C 1 0 0
( T E S T S  OF F Y F G T H E S E S U S I N G  THE ANOVA MS F O R  A N G A S U E  a s AN E R R O F  TEFM
S L U R C E DF A N C V A  SS F V A L L E  PF > F
c A N G 3 3 6 7281. 1166 7 4 93 26. 02 o . n;C 1
.f
I T E S T S  OF H Y F C T H E S E S U S I N G  THE
A N O V A  M S  F O R  H*ANG-rSUB A S  AN E R R O R  T E R M
S C U R C E DF A N C V A  SS F V A L U E  PR > F
1*
F * A N G 12 164 7 1 4 . 4  8 624 992 13.08 C.CCOl
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********************************************************************
* PROGRAM TO GENERATE THE SEQUENCE OF RESPONSE LIGHT NUMBERS *
* GIVEN BY THE CONDITION NUMBER AND TO PUNCH OUT THE *
* RANDOM NUMBER TAPE ACCORDING TO THE SEQUENCE. *
* PROGRAM WRITTEN TO BE EXECUTED ON THE PDP 11/01 *
* MINI-COMPUTER, WITH THE FACIT TAPE PUNCH CONNECTED *
* TO THE PARALLEL INTERFACE. *
* * * * * * * * * * * * * ‘»c*Vr***<xw*'X'K**x*'W*******************************jiitx*'jri<***
C PROGRAM:- PUNTP1.FOR
DIMENSION JSET(24,24),NI(24),ISET(24),ICOUNT(24),IDATA(600) 
ACCEPT 9,S I Z E ,RCYC,RANDN 




DO 5 IK=1,ISIZ 
ACCEPT 1, NI ( I K ) ,ISET(IK)
1 FO R M A T (14,14)
N = N I (IK)
DO 10 1=1,N 






DO 15 IJ=1,INRN 
CALL R A N D U (IX,IY,YFL)
15 CONTINUE
DO 75 IK=1,ISIZ 
N = N I (IK)
DO 70 IN=1,N 
ICOUNT(I N )=0
70 CONTINUE
DO 71 IN=1,600 




3 FORMAT(11',3X, * SEQUENCE OF LIGHT FOR SET NUMBER=',14,//)
DO 100 11=1,600
CALL R A N D U (IX,IY,YFL)
DO 20 1=1,N 
GRP=RCLAS *I
IF(YFL.LE.GRP) GO TO 30 
20 CONTINUE
30 ICOUNT(I )=1C O U N T (I )+1 
DO 31 IN=1,N
I F (ICOUNT(IN).LT.NCYC) GO TO 100
31 CONTINUE 
PRINT 51
51 FO R M A T (1 ' ,5('S.NO. ',2X, 'LT.NO. ',1X))
C o n  t rl .
-87-
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ILAST=II
PRINT 5 0 , (IKK,IDATA(IKK),IKK=1,ILAST)
50 F O R M A T C  ' ,5(14,5X,14,IX))
DO 85 IJ=1,ILAST 
CALL I P U N C H (I D A T A (I J ))
85 CONTINUE
PRINT 99,(IC O U N T (I ),1=1,N }
* 6 (2X,13,2 X ) )








C* SUBROUTINE TO PUNCH A  BINARY CODE ON FACIT PAPER TAPE PUNCH *
C* *
c * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
INTEGER D R C S R ,DR O B U F ,C S R O ,CSR1
C
DRCSR="167770 I ADDRESS FOR CSR
DROBUF=DRCSR+2 I ADDRESS FOR DROUTBUF
C
CSR0=1 1 NUMBER TO SET CSRO TO 1
CSR1=2 1 NUMBER TO SET CSR1 TO 1
C
CALL IPOKE(DROBUF,IVAL) 1 PUT THE VALUE IN DROUTBUF
CALL IPOKE(DRCSR,CSRO) 1 TURN FEED SIGNAL(CH: CSRO) UP
CALL IPOKE(DRCSR,CSR1.OR.IPEEK(DRCSR)) I GIVE PI PULSE(CH: CSR1)
C
C NOTE: CH "0" THRO "4" OF J7 OF PDP CONNECTED TO
C PIN "1" T H R O ’ "5" OF FACIT TAPE PUNCH
C FEED SIGNAL TO CSRO
C PUNCH INSTRUCTION TO CSRl




2 IF(IPEEK(DRCSR).GE.O) GO TO 2 1 WAIT UNTIL PUNCH IS DONE
C 1 (PUNCH READY CH: REQ B)
RETURN 
END
DO 1 K = 1 ,5 1
JJ=0 1 GIVE THE PULSE SOME W I DTH
1 CONTINUE 1
CALL IPOKE(DRCSR,CSRO) 1 END THE PULSE
- 88-
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q * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  * * * * * * * .* * * *
C* PROGRAM TO READ THE PUNCH OUT DATA (PT) FROM THE *
C* PUNCHED OUT DATA FROM THE IBM CODE AND INTERPRET *
C* THE VALUES. *
C* PROGRAM EXECUTEABLE ON THE PDP 11/03 MINI- *
C* COMPUTER, WITH THE FACIT TAPE-READER CONNECTED *
C* TO THE PARALLEL INTERFACE. *
FROGRAM TAPERD






DATA A T / 1A 1/,E L / 1E 1/,S P A C E / 1 '/
IZERO=0 
5 CALL FILNAM 
IREC=1
CALL A S S I G N (4,FLNAM,10)
DEFINE FILE 4 (500,8,U,IREC)
10 CHAR=PTREAD()
I F (C H A R .N E .— 1) GO TO 25
20 TYPE 21
21 F O R M A T ( ' 1 RUN OUT OF T A P E 1 PUT IN TAPE '/
* '0','ENTER 0 TO CONTINUE ELSE '/
* ' ','ENTER 1 TO CLOSE FILE FOR THE DATA SET AND '/
* ' ',' TO OPEN A  NEW F I L E '/
* ' ENTER 2 T O  CLOSE FILE AND-STOP'/
* ' \  ' > ' ,$)
ACCEPT 22,IDUM
22 FORMAT(II)
I F (I D U M .G T .2) GO TO 20 
GO TO(10,50,60),IDUM+1 
220 TYPE 230
230 F O R M A T ('1BLANK ENCOUNTERED'/
* 'OENTER 1 TO CLOSE CURRENT FILE AND OPEN NEW FILE'/
* 'OENTER 2 TO CLOSE CURRENT FILE AND S T O P ')
ACCEPT 22,IDUM
IF(IDUM.GT.2) GO TO 220 
GO TO (240,50,60),IDUM+1 
240 CHAR=PTREAD()
I F (C H A R .E Q .— 1) GO TO 20
I F (I N T E R P (C H A R ).EQ.SPACE) GO TO 240
25 IF(INTERP(CHAR).EQ.EL) GO TO 26
I F (IN T E R P (C H A R ) .EQ.SPACE) GO TO 220 
GO TO 29
26 CHAR=PTREAD()
I F (C H A R .E Q .0) GO TO 26 
29 D A T A (1)= I N T E R P (C H A R )
D A T A (2)= I N T E R P (P T R E A D ())
D A T A (3)=SPACE
Cont1d
-89-
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D A T A (4)=SPACE
D A T A (5)= I N T E R P (P T R E A D ())
D A T A (6)= I N T E R P (P T R E A D ())
D A T A (7)= I N T E R P (P T R E A D ())
D A T A (8)=I N T E R P (P T R E A D ())
D A T A (9)=SPACE 
D A T A (10)=SPACE 
I V A L 7 = I N T E R P ( P T R E A D ())
I V A L 8 = I N T E R P ( P T R E A D ())
I F (I V A L 8 .N E .A T ) GO TO 30 
D A T A (11)= D A T A (1)
D A T A (12)= D A T A (2)
GO TO 40 
30 D A T A (11)=IVAL7 
D A T A (12)=1VAL8 
40 D A T A (13)=S PACE 
DATA(14)=SPACE 
D A T A (15)="12 
D A T A (16)="215
W R I T E ( 4 1I R E C ) (I D A T A ( I ),1=1,8)
PRINT 70/(I D A T A ( I ),1=1,1)
70 F O R M A T (' '/7 A 2 )
GO TO 10 
50 N O E = I R E C — 1
N O E = 6 4 - M O D ( N O E ,64)
DO 55 1=1,NOE
W R I T E (4*IREC) (I Z E R O ,11=1,8)
55 CONTINUE  ‘
CALL C L O S E (4)
GO TO 5 
60 N O E = I R E C — 1
N O E = 6 4 —M O D ( N O E , 64)
DO 65 1=1,NOE
W R I T E ( 4 ’IREC) (I Z E R O , 11=1,8)
65 CONTINUE




F U N C T I O N  P T R E A D ()
I N T EGER D R I B U F,DRCSR  
L OGICAL*l PTREAD 
DRCSR="167770 
DR I B U F=DRCSR+4
I F (I P E E K ( D R C S R ) .G E .0) GO TO 6 i TAPE OUT ? (REQ B)
PTREAD=-1
RETURN
6 CALL I P O K E(DRCSR,1) 1 SEND A  PULSE (CSRO)
C A L L  IPOK E ( D R C S R , 0)
I = I S L E E P (0, 0,0,1)
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END
F U N C T I O N  INTERP(IVAL)
LOGICAL*l I N T E R P ,I V A L ,T A B L E (13),O U T P U T (13),SPACE 
DATA TABLE/32, 1,2,19,4,21,22,7,8,25,28,31,128/,
* OUTPUT/'O' , '1' , '2' , '3' , '4' , '5' , '6' , '7' , '8' ,.'9' , 'A* , 'O' ,
* S P A C E / ' '/
DO 1 1=1,13 
J=I
I F (I V A L .E Q .T A B L E (I )) GO TO 2
1 CONTINUE
I F (I V A L .N E .0) GO TO 10 
INTERP=SPACE 
RETURN 
10 TYPE 3,IVAL 
3 F O R M A T (' UNDECODEABLE C H ARACTER : ',14,' VALUE ASSUMED 0
INTERP=0 
GO TO 4
2 I N T E R P = O U T P U T (J )
END
SUBROUTINE FILNAM 
LOGICAL*l F L N A M (10)
C OMMON FLNAM 
F L N A M (1)='P '
F L N A M ( 2 ) = ' T 1 
F L N A M (7)='.'
F L N A M ( 8 ) = 1 D '
F L N A M ( 9 ) = ' A '
FLNAM'f I O )= *
5 TYPE 10
10 F O R M A T ( ’ E N T E R  THE FIRST TWO INITIALS OF THE S U B J E C T ’/
* ’ E.G.:- TK, OR THE SUBJECT NU M B E R  E.G: 22 '/
* ’  > * ,$)
AC C E P T  2 0 , ( F LNAM(I),1=3,4)
20 F O R M A T (2Al)
TYPE 50
50 F O R M A T ( 1 E N T E R  THE CONDITION NUMBER, E.G. 1 4 ’/
* 1  > ’,$)
ACCEPT 6 0 , (FLNAM(I),1=5,6)
60 FORMAT(2A1)
TYPE 7 0 , ( F LNAM(I),1=1,10)
70 F O R M A T (' THE NAME OF FILE CREATED TO STORE P.T. DATA FO R
* ’ THIS CONDITION IS > ’, 10A1,/
ACCEPT 80 , ICH 
80 FORMAT(II)
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